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PREFACE 



TO THE FOURTH EDITION. 



A NEW Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within two years from the appear- 
ance of the last Edition, I have again been guided in the 
changes which I have made by the experience gained, during 
the last six years, of its working with large Laboratory Classes. 
The Plan of the Book has been left undisturbed. The few 
alterations and additions which the more recent progress in 
Chemical Analysis rendered necessary, have been careftJly 
executed ; and the origiaal purpose strictly kept in view, 
for which the Book was written, viz., to serve as an Elemen- 
tary Text-book for large Laboratory Classes. 

The notation employed throughout is that of Dr. Frankland. 
An experience extending now over a number of years, and 
gained with students of very varying abiUties, has shown me 
that this notation greatly faciHtates the teaching. It complies 
with the doctrine of Atomicity, which may now be said to 
have struck firm root in Chemical Literature, and the Chemical 
FormuleB of Inorganic as well as Organic Bodies, will be found 
expressed in accordance with this comprehensive and elegant 
Law. 

The study of Chemical Analysis, when properly conducted, 
introduces the student to a vast ninnber of changes, the 
verification of which requires, in no mean degree, the cultiva" 
tion of habits of close observation and exact reasoning ; and 
as a means of mental training, Chemical Analysis cannot fail 



VI PREFACE. 

to acquire a foremost place in the Curriculum of a Liberal 
Education. 

The methods which I selected in this work have stood 
the test of many years^ practice under my own eyes. They 
are, I believe, well adapted for promoting accurate and ex- 
peditious work. Students wha apply themselves steadfastly 
to the study of analysis, usually get through the course in 
about six months, and have time left to gain some practice 
also in Quantitative Analysis, during their first year's study. 
The foundation for this latter branch of Chemistry having 
been laid by the Qualitative Course, they have, in most cases, 
only to acquire the necessary manipulatoiy skill to conduct 
quantitative operations successfully. 

The reactions of the Rare Metals have been treated some- 
what more fully than usual, in an Appendix. The indivT- 
duaHty of the metals as well as the classification which 
nature itself has traced out for them, have been retained as 
much as possible. I trust that the additions made in this 
New Edition will increase the usefulness of the Book and will 
gain for it many new friends. 

- The Analytical Talfles are published also in a separate and 
all but indestructible form, printed on Messrs. De la Rue's 
parchment paper. 

SOIENOE SOHOOLS, 

SovT? Kensington, 
September 30^^, 187f>. 



TABLE OF CONTENTS. 



Chafteb I. 

PAGE 

Definition of qnalitstiye analysis. Beagents. Chemical operations. Che- 
micfd apparatus. Separation into groups. Analytical classification of 
the metals. Group-reagents and special reagents 1 

Chaptbb II. 

Beactions of the metals of Ghroup Y, Potassium, Sodium, Ammonium, 
Magnesium. Separation of these metals . . . . . . . . . . 8 

Chafteb III. 

Beactions of the metals of Qroup TV, Barium, Strontium, Calcium. Separa- 
tion of these metals • • . . . . • • . • • • . . • • 15 



Chaptbb IV. 

Action of the group-reagents Ammonic Chloride, Ammonia, and Ammonic 
Sulphide. Beactions of the metals of Ghroup III, Nickel, Cobalt ; 
Separation of Nickel from Cobalt ; Manganese ; Peroxides of Manga- 
nese ; Oxidation by Potassic Permanganate ; 2^c ; Iron ; Iron ores, 
Ferrous and Ferric salts, Ferrates ; Chromium, Chroniic oxide. 
Chromic anhydride. Oxidizing action of Chromic anhydride. Chro- 
mates. Aluminium. Bieparation of the metals of Ghroup II Ia. Sepa- 
ration of the metals of Ghroup IIIb . . . . . . . . . . 21 

Chaptbb V. 

Beactions of the metals of Ghroup n. Sulpho-bases, sulpho-acids, dulpho- 
salts. Subdivisions of Ghroup II. Mercury. Mercurous, and mercuric 
salts. Lead. Bismuth. Copper. Bi^^tions for cupric salts. Precipi- 
tation of copper by voltaic action. Cuprous oxide. Cadmium. Sepa- 
ration of the metals of Ghx)up IIa. Tin. Stannous and stannic . 
compounds. Antimony. Antunonious and antimonic compounds. 
Arsenic. Arsenious and arsenic compounds. Beduction of arsenical 
compounds. Arsenietted and antimonietted hydrogen. Separation of 
arsenic froih antimony. Gl-old and platinum. Methods for the Separa- 
tion of arsenic, antimony, and tin . . . . . . . . . . 57 

Chaptbb VI. 

Beactions of the metals of Group I. Silver. Lead, Oxides of Lead. Mer- 

curosum. Separation of the metals of Group I . . . . 98 



Viu TABLE OP CONTENTS. 



Chafteb VII. 

PAGE 

Beaotions of inorganic acids. Carbonic anhydride. Sulphuric acid. 
Sulphurous acid.; Reducing and oxidizing action of sulphurous 
acid. Hjposulphurous acid. Hydrosul^uric acid. Sidphides. 
Nitric acid. Nitrous acid. Hydrochloric acid. Chloric acid. Hypo- 
chlorous acid. Hydrobromic acid. Preparation of bromine and hydro- 
bromic acid. Bromic acid. Hydriodic acid. Iodic acid. Hydro- 
fluoric acid. Preparation of hydrofluoric acid. Preparation of hydro- 
fluosiUcic acid. H^drofluosilicic acid. Phosphoric acid. Pyro- and 
metaphosphoric acids. Phosphorous and hypophosphorous acids. 
Silicic acid. Analysis of silicates. Boric acid. Hydrofluoboric acid. 
Hydrocyanic acid. Single cyanides. Double ^anides. Preparation 
of hydrocyanic acid. Hydroferrooyanic acid. Hydroferricyanic acid. 
Femcyanides. Hydrocobalticyanic acid. Cyanic acid. Sulphooyanio 

BdCl t* •• •• •• .. *• «4 ^^ «« .« XvO 



Chapteb VIII. 

Organic acids. Compound organic radicals. Formic acid. Series of 
fatty acids. Acetic adds. Stearic acid. Benzoic acid. Succinic acid. 
Oxalio acid. Preparation of carboxiio oxide. Tartaric add. Citric 
odU •• •• •• .. .. .• •. >• •• .. Xo^ 



Practical exercises, comprising simple salts and compound bodies , « . , 175 

Tables for the qualitative analysis of simple and compound substances, both 

in the dry and wet way 177 



APPENDICES. 



I. Reactions of the Bare Metals. Separation into Groups. Reactions 
of the metals of the Alkali Group : Caesium, Bubidium, Lithium. 
Beaotions of the metals of Group III : Glucinum, Zirconium, 
Thorium, Yttrium, Erbium, Cerium, Lanthanum, Didymium, Tita- 
nium, Tantalum, Niobium, Uranium, Thallium, Indium, and Vana- 
dium. Beaotions of the metals of Group II : Palladium, Bhodium, 
Osmium, Buthenium, Iridium, Molybdenum, Tellurium and Sele- 
nium. Beaotions of the metals of Group I. Tungsten or Wol- 
fram 209—239 

II. Beagents. Solyents. Acids. Bases and metals. Salts. Metals 

and oxides. Vegetable oolourine matters 240 

III. Table showing the solubility of sedts in water and in acids . . . . 248 

rV. Schemes for recording analytical results . , . . . , . 263 



A COURSE 



OF 



QUALITATIVE CHEMICAL ANALYSIS. 



Ghapteb I. 

DEFINITION OF QUALITATIVE ANALYSIS. — RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consists in the performance of certain experi- 
ments : — ^with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely what hind of matter is present (from 
qualis)^ without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered systematic order ; and that the answers should be inter- 
preted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non-metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view wo 
attempt it, more or less difficult — a difficulty which extends likewise 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in FeCl» (ferrous chloride), and in the 

iFeCl 
FePl' (^®^^ chloride), partakes in the dyad 

form of the character of the isomorphous diatomic metals of the 
magnesium group, e.^., manganese and zinc, and resembles in the 
tetrad form alnminium and chromium. Copper, which in its cupric 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the metals of the mercury 
group ;* the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of bonds, frequently show a certain analogy in their struc- 
ture as well as a considerable similarity in their reactions. In 

• H. Wurtz, Le^onB de Fhilosophie chimique, p. 170. 
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studying the chemical changes to which the various bodies — elemen- 
tary or compound — can be submitted, our attention must be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

We employ reagents as the means of producing chemical changes. 
By reagents are meant bodies — either elementary or compound — 
which are capable of reactvng upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes, viz., general and 
special reagents. General reagents are those which separate a number 
of substances — groups in fact — at one operation ; and special reagents 
those which are used to a limited extent only, and for the detection 
of mdividual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Chemical Operations. — We add a 

reagrcnt to a solution of an unknown 
body either by pouring it directly from the 
bottle or by running it from a pipette, as 
shown in Fig. 1, with the view of producing 
a precipitate, i.e.f of conyerting the body 
from the soluble to the insoluble state. The 
reaction which takes place is mostly a change 
hy double decomposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier than the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured off or decanted, 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash- water siphoned off repeatedly. 

Small quantities of a precipitate which 

do not subside readily are more quickly 

Fio. 2. separated by nitration. For this purpose 
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CHEMICAL OPERATIONS AOT) APPARATUS. 3 

used, mostly of glut, oonical in shape, and inclined at an angle of 60^. 
Thej may be conTeniently supported oa a wooden stand, Fig. 2, or an iron or brass 
■Itrrins atand u seen in Fig. 3. The fflltrrlns PAper should be porous and 
unsized, and cut in the form of a round sheet, which bj being folded tuioe in 
the abttpe of a quadrant, formB, ou opening up, a paper cone, at tm angle of 
60°. The mter should exactly fit the funnel, without reaching quit« to the 
rim, and should be moistened in the funnel with distilled water before an; 
liquid is poured through it. As , moat kinds of filtering paper contain traces of 
iron, lime, silica, etc.,— with the elception of the so-called Swedish filtoring 
pftper, which contains soarcely perceptible traaes of mineral substances, — acid 
liquids frequently dissolre out traces of these bodies. In all accurate analyiEB the 
fiUering paper should, on this account, be washed first with dilute hfdroohlorio 
or nitrio acid, and then with hot water, before being used ; or else Swedish filter 
paper only should bp employed. 

Most precipitates retain with great pertinacity traces of the Said in which 
they were suspended, and it is therefore ot the utmost importance to thorough); 
wash them in order to obtain accuiate 
results. For this purpose a wftSli-buttle 
(Fig. 8) is employed, whereby a " '■ 
of hot or cold distilled water <» 
rected on to the filter in such a mi 
to loosen and detach the precipit« 
the paper. The liquid should at 
quite fill the filter, as some precipitates 
hare a tendency to creep up and Ui get 
between the paper and the gloss, and are 
carried into the flitntte. This would 
entttil repeated filtration. The washing 
of a precipitate on the filter is efiected 
most rapidly by allowing the wosh.water 
to run off entirely each time before adding 
fresh quantities of distilled water. By re- 
peating this four or fire times, most pre- 
cipitates will be found sufflcientl; washed 
for qualitatire purpoaee. 

The student diould guard himself ^aii 
substanoe which he wishes to examine. HeaTjprecipiiatee entul much washing, 
an operation which is most tedious and yet indispensable. 

Teat-tnbea answer the purpose of precipitation and separation in quaUta- 
tire analyaiSjCBpeoially as there is generally no need forooUecting the wash-wntt-r 
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01 adding it to the nuun filtrate. These tnbea are oonTenientl; placed in a teat- 
t«b« stand (Fig. 4). After being well cleansed by (be aid of a test-tube 
bnuH, and rimed out with distilled water, the; should be set aside to drain in a 



■mall quantity of c 
isity, large q 
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letimes employed if an analjsis inyolyes the separation of a 
e substance from a large amount of another, and when, of 
ities of the Bubgtanco must be operated upon. 

mplojed for the purpose of concentration, orevapora- 
an be heated either by means of a iplrit lamp 
(Fig. 5), or a so-called BerEeUuB Ump (Fig. 6), 
or, where coal-gas can be procured, by means of a 
■un«cn sM Ikmp, provided with a rose top. 
Sometimes a sheet of iron wire gauze or a sand- 
bath is interposed between the porcelain ressel and 
the gai flame, and ia supported on a retort ring, 
or tripod stand. Illusttationa of convenient tripod 
supports for porcelun and glass vessels, wmch 
prevent at the smne time the flame from being 
blown about, have been given in mj Introduction 
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If Bohd aabstances have to be examined, (hey 
should always be powdered in a mortBr — an 
agate mortar should be employed for hard sub- 
stances, such as minerals — before being dissolved 
in wabec, acids, ic. 

Iteactions involving the use of valuable re- 

rats — «uch as salts of gold, platinum, silver — 
old be performed on watcb-clKlica, with 
small quantities of the substance only. 

For the IgalMon of preeipitatea we employ 
mostly poroelain cmcibles, or small porcelain 
dishes. 



1. To recognise wUh epeed and certainty 
the presence of various elemeniary 
and eompowid bodies. 

2. To effect Iken/r aepa/ration from, each 

Id order to accomplish this we shall 
Fia. «. Btndy more particularly those chemical 

reactions — both in the dry and in the wet 
way — which are essential ; but shall eadeavonr, at the same time, 
to give as complete a view as possible of other chemical changes 
which serve the purposes of qnaiitative analysis, and which on ^is 
and other groands possess considerable interest. 

It is for many reasons desiifible to confine the laboratory course 
at first to the study of the more important elements and their com. 
pounds 1 we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which effect the separation of a 
somber of bodies contained in a common solution, leaving all the 
others in solution. Such general reagents are then called group- 
reagmit. 
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Dissolye in water small quantities of 

Argentic nitrate* 
Cuprio nitrate. 
Oobaltic 
Baric 
Fotassic 
To the solution add — 

HCl, a fohite ewrdy precipitate is obtained, which consists of arsentle 
chloride, AgCl ; filter. To the filtrate add— 

SH,, a hlack precipitate is obtained consisting of cuprlc sulphide, OuS ; 
filter again, and to the filtrate add — 
AmCl, -\ 
AmHo, ^ A hlack precipitate conies down consisting of cobaltous sulphide, 

and * OoS ; filter, and to the filtrate add — 
SAni3 ^ 

OOAinO], a white precipitate is obtained, consisting of baric earbonmte, 
OOBao'' ; filter, evaporate the filtrate and ignite to drive off the amnionic salts. 
A white saline residue is left, containing the potasslc salt. 

What were the chemical changes that took place ? 

The changes were evidently produced hy the mutual exchamge of 
elements m two bodies (changes hy double decomposition) : i.e., the 
hydrochloric acid added in Group I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 



N03Ago 

Argentio 
nitrate, 

Cuprio 
nitrate. 

2g;coo" 

Cobaltous 
nitrate. 

Baric 
nitrate. 



HCl 



aH« 



SAms 



OOAmos B 



Aga 


+ 


NOjHo. 


Argentic 
chloride. 






Oust 


+ 


2NO3H0. 


Cuprio 
sulphide. 






OoS 


+ 


219'OaAmo. 


Cobaltous 






sulphide. 






OOBao" 


+ 


2NOaAmO. 


Bario 






carbonate. 







Silver, copper, cobalt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metallic bodies classify themselves on the addition of 
the several group-reagents. 

• Solutions of salts of the different metals containing five milUgrammes of 
the metal in a cubic centimetre are conveniently prepared and kept for use. 

t It is immaterial whether we write SCu or OnS, since both sulphur and 
copper ore dyad elements* 
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GROUP-REAGENTS AND SPECIAL REAGENTS. 7 

Thus far group-TeBigenia assist ns in separating bodies, but when, 
as in Group lY, the white precipitate produced by the group- 
reagent, COAmo2, leaves us still in doubt whether a barium, stron- 
tium, or calcium compound was present in the solution, further 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which distinguish and separate one metal 
from ^mother, or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a mle, deserves 
the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the reactions ; and to counteract auy pernicious influence 
which the use of tables might have, the student should learn to 
draw up tables for the several other processes of separation which 
are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metQ,ls by beginning with Group I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of 
these groups is of material assistance in understanding the qualita- 
tive changes to which the metals proper are subjected. 

The chemical nomenclature employed in this work is that of 
Dr. Frankland. It will be found fully explained in my Introduction 
to Inorganic Chemistry. An experience extending now over several 
years has shown that it is readily mastered aiid greatly appreciated 
by students. It is both comprehensive and logical, for it does not 
require one kind of formulsB for inorganic and another for organic 
bodies, and it complies with the law of atomicity, observed for the 
different elementary bodies. The little o employed by Dr. Frankland 



8 POTASSIUM. 

in writing tlie different componnd basilons radicals, such as Ho, Ko, 
Bao", Bio'", Al20'^, etc., has tended occasionally to mislead beginners. 
It will be found nBeful in all such cases to practise writing these 
same radicals with a big O, and using the bracket, with the atomi- 
city indication placed outside the bracket, thus : — (OH), (OK), 
(OaBa)", (OsBi)'", (OeAlg)^. We shall employ these formulae occa- 
sionally. Students have as a rule no difl&culty in transcribing con- 
stitutional into empirical formulae, a practice which may precede 
with advantage percentage calculations. 



Chapter II. 
REACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 

1. POTASSIUM, K. Atomic weight 391. — Occurs in nature 
only in a few minerals, of which nitre or saltpetre is the most im- 
portant. Potassium is present in larger or smaller quantities in a 
few silicates and sulphates, such as felspar, alv/mstone. It is also 
found in the ashes of plants {crude potashes), and in the form of 
chloride in saline deposits (at Stassfurth, in Prussia, and else- 
where). 

EBACTIONS IN THE DRY WAY. 

Most potassium compounds, when heated in small quantities on 
a thin platinum wire in the inner flame of the blowpipe, undergo 
dissociation, the vapour of the metal imparting a violet colour to 
the outer flame. When examined with the aid of a spectroscope,* 

* When elements in the gaseous condition, or yaporised by strong ignition, 
are analysed by means of the spectroscope (for a description of which we refer 
the student to Roscoe or Sckellen on the Spectroscope), they may be dis- 
tinguished from each other by the respective spectra which they give. The in- 
tensity of the spectra of metaUic elements is so much greater than that of the 
non-metals, that the latter are only rarely seen. The heat which can be pro- 
duced by a good Bunsen gas burner is not strong enough to volatilize all elements, 
or to heat their vapour highly enough. Most heavy metals can only be 
volatilized by means of an electric spark, making use of an induction coil, by 
placing the ^vanically precipitated metals between the electrodes. In order to 
analyse the ordinaiy gases spectroscopically, the spark is passed through the 
gases coni&ned in Q-eissler tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metaUic compounds, which can be volatilized by means ef the gas 
flame from a good Bunsen burner, such as the alkaU metals, sodium, potassium, 
rubidium, caesium, lithium ; the alkaline earthy metals, barium, strontium, 
calcium; and the heavy metals, tholhum and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of 
these metals. A small portion .is placed on the loop of a thin platinum wire, 
introduced into the non-luminous portion of the flame, and the spectrum 
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the potassinm spectrnm is found to consist mainly of two lines, a 
comparatively strong line, Ka, in the bed, and a faint line, Kj3, in 
the BLUE. 

This applies more particularly to potassic salts which are Tolatile without 
decomposition at a yerj strong heat (such as potassic chloride, bromide, iodide, 
and cyanide) or which are decomposed by heat ; but not to non-volatile potassic 
salts, such as phosphates, silicates, or borates, which give scarcely any flame 
reaction till they are moistened with HCl, or, if HCl be without action, heated 
together with pure calcic sulphate. The presence of sodium compounds giyes 
rise to an intense golden-yeUow flame, and conceals the potassium reaction ; but 
when seen through a blue glass, or indigo-prism, the yellow or sodium flame is 
entirely cut off, and the potassium flame becomes distinctly yisible, and is then 
of a rich reddish-violet colour. 

BBACTIONS IN THE WET WAT. 

We employ a solution op potassic chloride, KCl. 

PtCli (platlnlc chloride) precipitates from potassic solutions 
which are not too dilute, a yellow ciystalUne precipitate of potassic 
platlnlc chloride, 2KCl,PtCl4, insolablef in strong alcohol, or better 
still in alcohol and ether, as well as in acids. 

''OOHo 
OHHo (tari»ric add) precipitates white crystalline bydric potassic 

OHHo rOOKo 

LOOHo tariirate, I gHHo^ ^^ nexitnl and sufficiently concentrated 

[oOHo 
solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SiF4 (liydrofluoslllclc add) gives a white gelatinous precipitate of 
potassic sllicofluoride, 2EF,SiF4 ; difficultly soluble in water (833 parts at 
17*5^ C.) ; insoluble in alcohol. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerful base 
potassa possesses for the acids with which the metals of other groups 
may be oombined. 



2. SODIUM, Na. Atomic weight 23. — Occurs in nature in vast 
masses, as rock salt, NaCl ; as carbohate, in native soda, CONaoa, 
IOOH2, and in trona, CONao2,2COHoNao,30H3 ; as nitrate, in cubic 

examined. The different elements are distinguishable by their respectire colours, 
as well as by the position which their lines occupy m the continuous solar 
spectrum. The lines are not at all of the same intensity, and therefore not 
equally available. 

It is only by employing larger quantities of pure substances, and heatine 
them very intensely, that many of the less prominent lines can be obseryed. 
The accuracy of the reactions is, however, so great that we can discover in this 
manner the merest traces of these elements, and are enabled to disentangle 
mixtures thereof, without actual separation. Spectroscopic analysis constitutes 
in fact, a most valuable auxiliary to chemical analvsis. 

t The degree of solubility of a precipitate m different media can only be 
ascertained by laborious quantitative experiments. The student will therefore be 
expected to verify only those statements respecting the solubility of the precipi- 
tates which require no quantitative l^nowledge. 
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nitre, or Ghili saltpetre, N02Nao ; as sulphate or glauhersalt, S02Naoo, 
IOOH2 ; as hibarate, B4O6Nao2,10OHa ; as glauherite, S204N'ao2Cao", 
and as cryolite, BNaFjAUFg, and in many silicates, of which alhite 
maybe taken as the representative. All natural sodium compounds, 
with the exception of the last two minerals, are soluble in water. 

EEACTIONS IN THE DRY WAY. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense golden-yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Its spectrum 
consists of one bright double line, coinciding with the D line of the 
solar spectrum. Some sodic salts are readily recognised by their 
characteristic taste, especially rock salt and cubic nitre. 

REACTIONS IN THE WET WAY. 

We employ a solution of sodic chloride, NaCl. 

Sodic salts are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
(aqueous) solutions only ; the precipitate is, however, insoluble in 
alcohol. 

Sb02^o (potassic metantlmonate) produces a ivhite crystalline pre- 
cipitate of sodic metantlmonate from neutral or slightly alkaline solutions, if 
they are not too dilute. The precipitate is insoluble in alcohol. (The solution 
to be tested should only contain alkaU metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
from the metal sodium, and deserves the preference over potassic 
hydrate.* 



3. AMMONIUM.— Am = NH4. Atomic weight, 18.— 

REACTIONS IN THE DRY WAY. 

Ammonic salts, when heated in a test-tube, volatilize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH3. Salts of ammonium with volatile acids 
can be volatilised, either with decomposition, such as the nitrate, 
nitrite, sulphate, the latter with formation of mixed vapour of 
nitrogen, water, ammonia, and sulphurous anhydride ; or without 
decomposition, such as the cyanide ; or partial dissociation only, such 
as the chloride, bromide, iodide : the latter salts condense again, for 
the most part unchanged ; they sublime, and are found in the upper 
part of the test-tube. 

* The student who has not the advantage of attending a course of lectures on 
chemistry should make himself familiar, by reading a good J^Tanualof Chemistry, 
with the properties of the various salts of potassium and sodium, also wilh the 
interesting processes of manufacturing sodic carbonate from the chloride ; sodic 
silicate {water-glem) ; potassic chlorate, &c., &c. 



AMMONIUM. 1 1 

REACTIONS IN THE WET WAT. 

We employ a solution op ammonic chloeidb, AmCl. 

PtCU produces a heavy yellow precipitate of amnionic platlnle 
chloride, 2AinCl,PtCl4. The precipitate is solable in mncli water 
(hence there appeal's no precipitate from dilute ammonic solutions), 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinum and 
potassic chloride, Pt + 2KC1.) 

TMTtaric add produces from a concentrated solution of ammonic chloride 
a tohUe crystalline precipitate of bydric amnionic tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydrio potassic tartrate leayes a carbonaceous residue, 
which is strongly alkaline, and the potassic carbonate which it contains dissolres 
in water. The other leares merely a residue of carbon, devoid of any alkaline 
reaction. 

Ammonic salts are decomposed, with evolution of ammonia gas, 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHo2, CaHo2), thus : — 

2AmCl -f CaHo2 = 2NH3 -f CaCla + 2OH2. 

Neutral or nontial salts of certain polybasic acids, e,g.^ well dried 
alkaline chromat'es, borates, phosphates, etc., readily decompose 
ammonic salts, especially when heated, with evolution of ammonia 
gas, and formation of acid salts, thus : — 

f CrOjKo 
2Cr02Koa -f 2AmCl = ^ O -f 2NHs + 2KC1 + OH,. 

\ CrOaKo 

This reaction enables us, therefore, to distinguish between normal 
and add salts of polybasic acids, by heating them with ammonic 
chloride. 

Ammonia gas is readily recognised, 1st, by Ua pungent odovr ; 
2nd, by its turning red litmus paper, moistened with a drop of dis- 
tilled water. Hue ; 3rd, by its combining with the vapour of volatile 
a^cids (such as dilute hydrochloric acid) to form white fumes 
(AmCl). 

Nessler^s test* for trances of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2EJ,Hgl2, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a hroton precipitate 
of dimercurammonic iodide, or a yellow to brown coloration is prow 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,Hgl2) + 3KHo -f NH4H0 = NHg"2l,OH2 -f 7KI + 30H,. 

Brown pp. 
Ammonic hydrate and carbonate, as well as various other 
* For the preparation of Ncssler*s solution, see Appendix. 
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ammonium compounds, 6.^., ammonic chloride, ammonic sulphide, 
are among the most useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? 

4. State how you would ascertain whether the jellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

5. How can hydric potassio tartrate be distinguished from hydric ammonic 

tartrate ? 

6. How can sodium compounds be recognised in the wet way ? 

7. Which sodic salts are found native ? 

8. What changes do the following ammonic salfcs undergo upon ignition : — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
POAmos, ammonic carbonate, OOAmoj, ammonic iodide, and ammonic 
sulphate ? 

9. How IS spongy platinum prepared ? 

10. How would you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2*345 grms. of ammonic 

platinic chloride? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride ? 

13. How would you examine a mixture containing ammonic chloride and potassic 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation with platinic chloride 3*671 grms. of potassic platinic chloride, 
2KCl,PtCl4; what is the percentage of potassium and sodium in the 
mixed chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition *234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the mixture ? 

16. Calcidate the percentage composition of borax. 

4. MAGNESIUM^ Mg". Atomic weight, 24.— Occurs in nature 
as OXTDB, in the mineral jpericlase, MgO ; as hydeate in brudte, 
MgHo2 ; as caebonatb, in magnesite^ COMgo", and in Jiydromagne^ 
site, C80Ho2Mgo"4,30H3 ; as double carbonate, in dolomite, 

^^Cao"Mgo", and mesitine sjpar, QQMgo"Feo" ; as sulphate, in 

hieserUe, SOHo3Mgo" (from Stassfnrth salt), and in epaomibe, 

SOHo^go", 6OH2 ; as phosphate, in wagneritey POMgo'Y jiMg" j ; 

as silicate, in jpeHdote, SiMgo"2, enstaUte, SiOMgo", steatite, 

SiaOsMgo^s, talc, Si606Mgo"4, serpentine, giHoM?Q//^&<^"> meer- 

SiO 

schaum, Si302Ho4Mgo"3, and in diopside, ajQC/ao"MgQ" ; and lastly, 

as borate in horacite, BgOgMgo^a. 

REACTIONS IN THE DRY WAT. 

Magnesic salts, sb such, impart no colonr to a non-luminous gas- 
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flame. The most obaracteristic reaction for magnesia, in tlie drj 
way, is the pale rose colour which this alkaline earth acquires on 
moistening with cobaltous nitrate, and then igniting it once more 
strongly on charcoal. 

This colour can, however, only be relied on when no*other metallic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost inyariablj be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, MffS. Prolonged 
ignition of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution op maqnbsic chloride, MgClj, or 
MAQNESic SULPHATE, SOaMgo", (S02(02Mg)"), is employed. 

Magnesia is not precipitated by ammonia in the presence of 
ammpnic chloride, because it forms a soluble double chloride^ 
2AmCl,MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo2, thus — 

2MgCl2 + 2AmHo = MgHoj + 2AmCl,MgCl2. 

Soluble double chloride. 

In the presence of a sufficient amount of ammonic chloride, the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgHos -h 2AmCl = MgCU 4- 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by ammonic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient arrunmt of ammonic chloride 
he present, and the solution be kept sufficiently dilute, 

Potassic, sodic, calcic, and baric hydrate precipitate magnesia 
almost completely a^ white manrnesic bydrate, nearly insoluble in 
cold and hot water. Ammonic chloride, as well as other ammonic 
salts, dissolve it readily, or, if originally present in sufficient 
quantities, prevent its formation. 

Sulphuric and hydrofluosilicic acid form soluble magnesic salts, 
even in the presence of moderate quantities of alcohol. 

Ammonic oxalate gives, after some time, from moderately dilute solutions of 
magnesic salts, a white crystalline precipitate of a double oxalate uf magnesia 
and ammonia ; not so, however, in the presence of excess of ammonic chloride. 

POHoNa02 (bydrie dlsodlc pbospbate), or better still, a solution 
of microcosmic salt, precipitates bydrlc magnesic pbospbate, 
POHoMgo". 

The precipitation is complete in the presence of ammonic chloride 
and ammonia. POAmoMgo", 6Aq, ammonic magnesic pbospbate, 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it, as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 
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On heating magnesio chloride with precipitated mercuric oxide, the chloride 
Is conyerted Into oxide, mercuric chloride being volatilized. This experi- 
ment must be conducted in a closet which is proyided with a good indraugiit of 
air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of amnionic salts (phosphates and borates 

excepted). 
2nd The insoluhility of MgHo2 if^ water. 
3rd. The insoliMlity of 2KCl,PtOl4 in alcohol. 
4th The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows :— 

1st. Heat a portion with NaHo; ammonia gaa is given off, which is recognised 
by its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNaOj, a white crystalline 
precipitate indicates the presence of Mfir. 

3rd. Evaporate a third portion to dryness and ignite strongly. Extract with 
hot water (without filtering off any magnesic oxy-cUoride {JS-tsfiOl^), 
which may have been formed) , and add sufficient BaHoj till the whole of 
the magnesia is precipitated as MfirHo2 ; filter. To the filtrate add 
OOAmo2, as long as a precipitate is produced, and filter again. Evapo- 
rate the filtrate to dryness, and ignite stron&;ly to expel ammonic salts. 
Dissolve the residue in a little water, filter off a trace of MsrO (if any), and 
test filtrate for potassium by means of PtCli * ^ yellow crystalline pre- 
cipitate — presence of K ; and for sodium, by heating on a platinum 
wire before the blowpipe fiame ; a golden-yellow flame indicates the pre- 
sence of Na. 

QUESTIONS AND EXERCISES. 

1. How is magnesic sulphate prepared — Ist from magnesite ; 2nd, from dolo- 

mite? 

2. Which are the most important magnesium minerals P G-ive constitutional 

and graphic formulffi. 

3. How is magnesium detected in the dry way ? 

4. Explain the action which ammonia, potassic hydrate, and sodic carbonate 

have upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 

5. Describe fully the most characteristic reaction for magnesic salts in the wet 

way. 

6. How is magnesic chloride converted into oxide in the dry way ? 

7. How is magnesium separated from potassium and sodium ? 

8. Calculate the percentage composition of magnesite and epsomite. 

9. How much crystallized magnesic sulphate, SOHosMgo'^jCOHs, can be pre- 

paired from one ton of pure magnesite ? 



BARIUM. 15 

Chapter III. 
REACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals harium, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter (if present in 
sufiicient quantities) prevents the precipitation of magnesium. 



1. BARIUM, Ba". Atomic weight, 137. — Occurs in nature 
chiefly in the form of heavy spar, SOjBao", and as witherite, 
COBao". 

REACTIONS IN THE DRY WAY. 

Barium compounds, when held in the fusing zone of a Bunsen 
gas burner, or when heated on thin platinum wire in the inner 
blowpipe flame, impart a yeUowlsb-frreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. When 
viewed through the spectroscope (the chloride* is best employed), 
two GREEN Imes, Baa and Ba/3, come out most intensely ; Ba7 is 
less marked. Besides these, there are numerous lines in the red 
and YELLOW, and one broad indistinct line in the blue, close to F of 
the solar spectrum. 

Heayy spar heated on charcoal in the reducing flame is reduced to baric 
sulphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only triflingly by ignilion to a strong white heat. 

REACTIONS IN THE WET WAY. 

• 

Baric salts are obtained by dissolving the native carbonate or 
witherite in acids.f Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing, on a small scale, finely powdered 
baric sulphate with three to four times its weight of fusion mixture, 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

SOjBao" + CONaoKo = COBao" + SO^NaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
COBao" is left, from which, by the addition of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, SOgSro", and to anhydrite, 
SOjCao". 

* The spectra of Ba and of the two following metals are probably those of 
the oxides, and not of the metals themselves. 

t Dilute acids (HCl or NOjHo) should be employed, as the baric chloride 
and baric nitrate, which result from the action of these acids upon witherito, are 
insoluble in the concentrated acids. 
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A SOLUTION OF BARIC CHLORIDE, BaCla, is employed. 

COAmo2 (flrroup-reayciit) precipitates white baric carbonate, 
COBao", soluble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C202Ho2Bao", but it is reprecipitated, 
on boiling, with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.g,, potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. COSro" and 
COCao" are not changed, not even on boiling with S02Ko2. 

CONaoa and COK02, same precipitate. 

KHo and NaHo, iree from carbonates and sulphates, which they rarely are, 
giro from highly concentrated solutions a voluminotis precipitate of baric 
bydratc, BaHo2) soluble in water. A solution of the hydrate in water is known 
aa haryta-toater. It possesses a strong alkaline reaction, and great affinity for 
carbonic anhydride. 

AmHo gives no precipitate. 

SO2H02, as well as all soluble sulphates, precipitate on boiling, 
especially in the presence of free acid (dilute HCl), heavy white 
granular baric sulphate, S02Bao", even from very dilute solutions 
of baric salts. The precipitate is insoluble in water, dilute acids 
and alkalies ; soluble to a perceptible extent in boiling concentrated 
hydrochloric and nitric acids and also in concentrated solutions of 
ammonic salts, but not if the precipitants are in excess ; soluble 
also in concentrated boiling sulphuric acid, with formation of 
dihydric baric disulphate, S204Ho2Bao". The presence of an 
alkaline citrate greatly interferes with its precipitation. Solutions 
of strontic or calcic sulphate (two sulphates which ai'e but slightly 
soluble in water, especially the former) constitute the most delicate 
test for barium. 

SOjBao" is soluble only in about 400,000 parts of pure water ; SOjSro" in 
7,000 parts of cold water ; whilst SO^Cao" dissolves in 390 parts of water at 
35° C, and in 460 parts at lOO'' C, being in fact less soluble in hot than in cold 
water. 

POHoNaos (hydrlc dlsodlc piio^phate) gives from neutral or alkaline 
solutions a white precipitate of hydrlc baric phosphate, POHoBao'', readily 
soluble in ^dilute nitric, hydrochloric or acetic acid. Perceptibly soluble in 
amnionic chloride. 

I nnA (amnionic oxalate) gives from a moderately dilute solution 

of a baric salt, a white pulverulent precipitate of baric oxalate, < ^qBqo", 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

OrOgKoj (potafi8lc chromate) gives a bright lemon-yellow precipitate of 
baric chromate, Or02Bao'^ even from very dilute neutral or moderately acid 
(acetic acid) solutions, readily soluble in nitric, hydrochloric or chromic acid 
(OrOgHos) — ^reprecipitated by ammonia. — (Distinction psom stsontio and 

CALOIO SALTS, WHICH ABE NOT PEECIPITATBD FBOM DILUTE SOLUTIONS.) 

2HF,SiF4 (hydrofluoslUclc acid) gives a colourless crystalline 
precipitate of baric slUcofluoride, BaF2,SiF4, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
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somewhat soluble in water and in dilute acids, insoluble in alcohol. 
(Distinction op baric from strontic and calcic salts, whicu give 
NO precipitate even on the addition op alcohol.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the metal barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How can bario sulphate be converted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most delicate reactions for barium P 

5. How can barium be separated from strontium and calcium ? 

6. 1*235 grm. oiwitherite gave '965 grm. of baric sulphate ; what is the percentage 

of barium and of baric carbonate in the mineral P 

7. A sample of heavy spar contains 96*5 per cent, of pure sulphate ; how much 

baric sulphide, and how much baric nitrate can be obtained from 1 cwt. of 
the mineral ? 



2. STRONTIUM, Sr". Atomic weight, 87-6.— Occurs in 
nature as sulphate, in the mineral celestine, S02Sro" ; and as 
CARBONATE or strcmticmite^ COSro". 

EXAMINATION IN THE DRY WAT. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame intensely crimson. When the 
flame is viewed through the spectroscope, it shows a number of 
characteristic lines, more especially the Sr/3 and 7 lines in the red 
and the line Sr^ in the blue, which latter is particularly suited for 
the detection of strontium in presence of Ba aud Ca. 

Celestine heated on charcoal in the reducing flame, is converted into strontic 
sulphide, SrS, from which the chloride may be prepared for blowpipe and other 
reactions, by treating the residue with hydrochloric acid. Strontic carbonatCf 
heated in a platinum crucible, over a gas-blowpipe, is all but entirely converted 
into oxidcy after about 20 minutes* heating. 

REACTIONS IN THE WET WAY. 

We use A SOLUTION of strontic CHLORIDE, SrClj. 

COAmo2 (flrroup-reasent) gives a white precipitate of strontic 
carbonate, COSro", less soluble in ammonic chloride than the 
corresponding baric carbonate ; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicarbonate, C202Ho2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONao2 and COK02, same precipitate. 

SO2H02, or a soluble sulphate, produces a white precipitate of 
strontic sulpbate, S02Sro". From dilute solutions a precipitate 
appears only after some time^ especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 
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in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Amo2, and a little ammonia, (distinction 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontic sulphate in water is not precipitated by 
ammonic oxalate, but readily precipitates baric salts. 

POHoNao2 (bydrlc dlsodlc phosphate) gives a white precipitate of 
bydric strontic pbospbate, soluble in acids, including acetic acid. 

I OOA^^ (ammonic oxalate) precipitates strontic salts more readily 

than baric salts. The white precipitate of strontic oxalate, i ^QSro''', is 

readily soluble in dilute nitric or hydrochloric acid; somewhat soluble in 
ammonic salts ; but sparingly soluble in oxalic or acetic acid. 

QUESTIONS AND EXERCISES. 

1. Which are the principal strontium minerals ? 

2. How are strontic chloride and nitrate prepared — 1st from strontianite ; 2nd, 

from celestine 1 

3. Which are the most characteristic reactions for strontium ? 

4. How can strontium be distinguished from barium P 

5. What is the percentage of strontium in strontianite and in celestine ? 

6. How can strontium be separated from calcium P 



3. CALCIUM, Ca". Atomic weight, 40. — Occurs in nature in 
the mineral, vegetable and animal kingdom, in vast masses, in com- 
bination with carbonic, sulphuric, silicic and phosphoric acids. In 
plants it occurs combined with carbonic, sulphuric, and phosphoric 
acids ; in animals combined with phosphoric and carbonic acids. It 
is occasionally also found in minerals which result from the action 
of acids (such as nitric or arsenic acid) upon calc spar. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalline structure, such as 
calc spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into harytO'Calcite and dolomite, siderite, diallogite &nd phimbo-calcite), 
arragonite, marble, limestone, chalk; the sulphates, such as gypswrn, 
SHo4Cao", anhydrite, S02Cao", alabaster, selenite; the phosphates, 

such as apatite, P303Cao"4f |^Ca" )', bone-earth, P202Cao"3; and 
fluor spar, CaF2. 

EEACTIONS IN THE DEY WAT. 

Most calcium compounds, when heated in the inner flame of the 
blowpipe, colour the outer flame yellowlsb-red ; calcic phosphate 
and borate excepted. The presence of barium or strontium entirely 
obscures the calcium reaction. The lime spectrum shows, among 
other lines in the bed and yellow, au intensely jirreeii line, Ca^, also 
an intensely orangre line, Caa. It requires a very good spectroscope 
to see the faint indlso-blue line to the right of Q in the solar 
spectrum. 
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Calcic carbonate when strongly ignited beoomoB conyerted into caustic or 
quicklime, OaO, wluch reacts alkaline. It combines with water yeir eagerly, 
evolving much heat, and is converted into calcic hydrate, OaHog (slaked Uuie) , 
which is less soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold than in hot water. Calcic sulphate is conyerted into calcic 
sulphide, OaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 

EEACTIONS IN THE WET WAY, 

Calcic salts are readily prepared from pure calc spar or marble, 
by means of dilate acids. 

We employ a solution op calcic chloride, CaCU. 

COAm.02 (ffroup-reasent) precipitates white calcic carbonate, 
COCao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 

CONaO] and COKo2, same reaction. 

SOjHos, or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt white calcic sulphate, SOHooCao^' + Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the yolume of alcohol from solutions which are too dilute to be precipitated bj 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolyes r^dilj on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

POHoNao2 (hydrlc disodic phosphate) giyes a bulky white precipitate of 
tricalcic phosphate, PgOsCao^s, soluhle in dilute hydrochloric or nitric acid, 
and soluble in acetic acid ; reprecipitated hj ammonia. 

1 CO A (ammonic oxalate) produces even from very dilute 
solutions of calcic salts a white pulverulent precipitate of calcic 

r CO 

oxalate, < no^*'^" "^ ^^'^ readily soluble in hydrochloric or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting very strongly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural lime compounds ? 

2. Giye eraphic formulae for gypsum^ anhydrite^ calc apar^ fluor spar, apatite. 

3. Which are the most delicate reactions for calcium in the wet waj ? 

4. How is array onite conyerted into calcic oxalate ? 

5. Calculate the percentage composition of bone-ash. 

6. Why can a solution of calcic sulphate he employed for the detection of harium 

and strontium eyen in the presence of calcic salts ? 

Separation of Barium, Strontium, and Calcium. — Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
barium and calcium as well. A method of separating these metals 
is besed upon — 

^1 
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1st. The msoluhility of BaCl2 in absolute alcohol (SrCl2 and 

CaCl2 being soluble). 
2nd. The insolubility of N204Bao", and N204Sro" in absolute 

alcohol (calcic nitrate being soluble). 

A hydrochloric acid solation of the mineral containing Ba and Sr, or Sr and 
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution eyaporated to dry- 
ness and gently ignited. (Strong ignition must be avoided as CaCl2 is slightly 
decomposed into an insoluble basic salt.) 

Barium is separated from strontium and calcium, by digesting the finely 
divided residue with absolute alcohol, and separating the undissolved BaCl2 by 
filtration. 

Strontium is separated from calcium by evaporating or distilling ofP the abso- 
lute alcohol, which contains the SrCl2 and OaCl2 ; precipitating with OOAmo2, 
'filtering, and conversion of the strontic and calcic carbonates into nitrates by 
means of dilute nitric acid. The solution of the two nitrates is evaporated to 
dryness on a water-bath and absolute alcohol added, when calcic nitrate is 
dissolved out, strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire 
to the alcoholic solution containing baric, strontic, or calcic chloride 
(or nitrate) ; the alcohol is seen to bum with the characteristic 
coloTir observed when traces of these salts were heated on a 
platinum wire. 

Several other methods for recognising and separating the metals 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of tiiis 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of Or02Ko2, or 2HF,SiF4. A yellow or a transparent cry- 
stalline precipitate indicates barium. To a portion of the filtrate add S02Cao'' ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains clear, in which case calcium only need be looked 
for, the presence of which is indicated by the precipitate which ammonic oxalate 
produces from another portion of the la/rgely diluted solution. If both strontium 
and calcium are present, separation becomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes* based upon : — 

1st. The insolubility of BaCl2 and N204Sro" in absolute alcohol, 
2nd. The insolubility of BaCl2 in absolute alcohol and that of 

S02Sro" in a concentrated solution of S02Amo2. 
3rd. The insolubility of BaF2,SiF4, or Cr02Bao", as well as of 
SOjSro", in water; calcic sulphate being sufficiently soluble 
to be readily i/ndicated by ammonic oxalate, 

PRACTICAL EXERCISES t ON GROUPS IV AND V. 

You are requested to analyse — 
1. A solution of salts of the metals K, Mg, and Ba. 

* Table IV in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

f As a control upon the work done in a laboratory the analytical results 
should be carefully recorded by the student (as far as possible, in a tabular form), 
and should be discussed and corrected, if necessary. By these means only it is 
possible to control and direct the analytical studies of a large class. 
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2. A mixture (about '6 grm.) of the solid salts NaCl, SrClj, and maanena aJha 

(0jH04Mg0''4). 

3. A mixture of the solid salts AmOl, BaClj, and OOCao". 

4. A mixture of the salts AmOl and SOsMgo''. 

5. A mixture containing finely powdered marble, baric carbonate, and common 

salt. 

6. A solution of BaClj and SrCl2, containing '010 grm. of Ba and 'lOO grm. 

of Sr, 

7. A solution of NaCl, KCl, and MgrCla, containing -020 grm. of K, -200 grm. 

of Na, and *050 grm. of Mg. 

8. A solution of SrCla and OaCla, containing '050 grm. of Sr, and SOO grm. 

of Ga. 



Chaptee IV. 

REACTIONS OF THE METALS OF OBOUP III, OB 

AMMONIC SULPHIDE OBOUP. 

Group III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these 
metals, and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing N204Coo'^Fe2Cl6) and calcic phosphate, 
dissolyed in a little dilute hydrochloric acid, a concentrated solution oi ammonio 
chloride, and then ammonia. A precipitate is produced. Filter, and add to the 
filtrate ammonic sulphide. A further precipitation takes place ; the precipitate 
is black. 

This shows that some members of this group are precipitated by 
AmOl and AmHo ; others only on the addition of SAnii, 

2. Add to a solution of Fe2Cle, OrsCle, and AljCle, ammonic chloride and 
ammonia, till it is just distinctly ammoniacal, and boil for a few minutes. A 
bulky gelatinous precipitate is obtained. Filter. Add to the clear filtrate a few 
drops of ammonic sulphide : no further precipitation takes place. 

Showing that Iron^ Ghromium, and Alumimum a/re precipitated 
(jas hydrates) from their saline solutions by AmGl and AmHo alone, 
without the aid of SAm^, (Ammonic chloride has no share in the 
precipitation, but connteracts the solubility of the aluminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydmte, if present in a solution.) 

3. Dissolye some baric, strontic, calcic, and magnesio phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced till the free add has been neutralised (with formation of ammonic 
chloride), when the phosphates are reprecipitated. Filter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by am/monia alone, 

* Solutions containing '005 grm. of the metal in every c.c. are readily pre- 
pared, and should be kept for use. 5 c.c. of each solution will be found a 
convenient quantity. 
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4. Dissolye some phosphates of Ni, Co, Mu, Zn, and Fe*^ in dilute hydro- 
chloric acid.* To one portion of the solution add amnionic chloride and ammonia. 
A precipitate is formed. The phosphates are reprecipitated. Filter and add 
ammomc sulphide ; a further precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre- 
cipitated by ammonic chloride atid ammonia. 

Thus far we have seen that these two reagents precipitate : — 



Nickelous phosphate 
Cobaltons „ 


Chromic phosphate 
Alnminic „ 


Manganons „ 
Zincic „ 


Baric „ 
Strontic „ 


Ferric „ 


Calcic „ 


Ferric hydrate 
Chromic „ 


Magnesic „ 


Alnminic „ 





5. To a solution of SOaNiO", NJO4O00", SOaZno", and MnCla (free from 
Fe)) add AmCl in considerable excess, and then AmKo in shght excess. No 
precipitate is obtained, the precipitate first produced by AmHo being soluble in 
the ammonic salt. To one portion of the solution add strong sulphuretted 
hydrogen water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of NiS and OoS (black), ZnS (white), and 
MnS (buff coloured). 

This shows that Nickel, Gohalt, Manganese, and Zinc salts are 
not precipitated by AmGl and AmHo, but by SAm2. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid where it is in contact with the air. Heat and shake the 
solution and the turbidity increases rapidly. 

Showing that AmGl and AmHo produce, under favourable con- 
ditions, a partial precipitation, 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, 
and Fe (see 4), add AmCl, AmHo, and SAma, without first separating by filtra- 
tion, the precipitate produced by AmCl and AmHo. Thb Phosphates of 
Co, Ni, Mn, Zk, and Fb, which may be present in the hydrochloric acid solu^ 

tion, ABB DECOMPOSET) INTO SITLFHIDES, AND AMMONIC PHOSPHATE IS LEFT IN 
SOLUTION. 

7. To a solution of Fe2Clg add AmCl and AmHo. A reddish-brown precipi- 
tate of ferric hydrate, Fe^Hoe, i^ produced, which on the addition of SAmj turns 
instantaneously black. 

This shows that iron is first precipitated cw hydrate, and is 
svhseqvsntly converted into sulphide. Chromic and alnminic chlorides 
are precipitated nnder the same circnmstances as hydrates, but 
they form no sulphides in the wet way. 

We may then sum up by saying that the group-reagents AmCl 
and AmHo, for reasons stated tmder 4 and 5, cannot thoroughly 
separate some of the members of Group III from others, and that 

* This solution may also be prepared by adding hydric disodic phosphate to 
solutions of the aboye metals as long as a precipitate forms, and dissolving the 
precipitate in a Uttle hydrochloric acid. 
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SAma should invariably be added as well. The three reagents* 
precipitate : — 

1. Sulphides — 

NiS black 

Cos black 

MnS buff 

ZnS white 

FeS black. 

2. Hydeates — 

CrjHoe green 
AI2H06 white. 

3. Phosphates of Cr, Al, Ba, Sr, Ca, and Mg. 

NICKEL^ Ni" and *^. Atomic weight, 58'8.— Occurs in nature 
as SULPHIDE, NiS", in cwpillary pyrites^ hair nickel^ or millerite ; as 

{{ "As' 
ARSENIDE, in arsenical nickel^ < "Aa'^^"» *^^ ^ cojpper nickel^ 
'As"Ni" . r 'Sb"Ni" 

'As"Ni" ' ^ A.NTIMONIDE, in < 'gvj";^-//, antimony nickel^ combined 

with SULPHIDE, as in nickel glance or grey nickel ore, < rr a g»Ni,Ni^^Sa, 

r "8b' 

as antimony nickel glance, < /raurNi,Ni*^S2 ; also in the form of 

minerals, which are the result of the oxidation of other nickel 
minerals, e.g., as nickel ochre, As203Nio"3, and emerald nickel, 
C(0Ni"Efo)3Nio",6OH2. 

EEACTIONS IN THE DRY WAY. 

When nickel compounds are heated on charcoal with dry sodic 

* Add AmKo to a solution of baric, strontic, calcic (and magnesic) oxalates in 
dilate hydrochloric acid, as long as a white precipitate is obtained. The oxalates 
of the alkaline earths are reprecipitated more or less completely as soon as the 
hydrochloric acid which (as in the case of the corresponding phosphates) holds 
them in solution is completely neutralised. 

The same appUes to the fluorides, borates, tartrates, citrates, &c., of these 
earthy bases, which are precipitated by AmHo, although in the presence of much 
AmCl they are to a great extent held in solution. 

Silicic acid and silicates, soluble in hydrochloric acid, are likewise acted upon 
by AmCl and AmHo, gelatinous sihca, and silicates, being precipitated. 

In order to avoid complicating the quaJitatiye course, it is usually preferred 
to eraporato the hydrochloric acid filtrate from G-roup II to complete dryness, 
with the addition, towards the end of the evaporation, of a httle concentrated 
nitric add, whenever AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, SiOj, is left behind insoluble in acids; the fluorides and 
borates are for the most part decomposed ; boric and hydrofluoric acid being 
set free or volatilized. Oxalates are destroyed with evolution of carbonic 
anhydride by the oxidizing action of the nitric add; and tartrates, ete., are 
broken up by gentle ignition into carbon and volatile gaseous products ; ferrous 
salts are converted into ferric salts, and on extracting the ignited residue with 
a Uttle concentrated hydrochloric acid, the metals are obtained in solution as 
chlorides, together only with the phosphates of the alkaline earths, earthy and 
metallic bases. 
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carbonate in the imier blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a horaan bead, in the 
outer flame, nickel compounds yield an intensely coloured glass, 
which appears hyacinth-red to violet-brown when hot, and yellowish 
to 8berry-red when cold (according to the quantity of nickel 
present). On fusing a little nitre in the bead, the colour is changed 
to blue or dark purple, whereby nickel compounds may be dis- 
tinguished from iron. Heated in the reducing flame the colour 
disappears, and the bead assumes a turbid grey appearance, owing 
to finely divided particles of metallic nickel. The reactions with 
microcosmic salt are similar, but the bead becomes almost colour- 
less when cold. 

EEACTIONS m THE WET WAY. 

"We employ a solution op nickeloqs sulphate, S02Nio", 
= SOaCOaNi)^ 

Solutions of salts of nickel are generally green ; those of cobalt red. A solu- 
tion of cobaltous chloride turns blue on heating. A solution of both a nickel and 
a cobalt salt is redy green^ or colowlesSf according to the quantities present of each 
of the metals in solution. 

SAm2 (grroup-reasent) gives a hlacJc precipitate of nlekelons 
sulphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia or of yellow ammonic sulphide, 
forming a dark brown solution, whence the sulphide is reprecipi- 
tated on boiling. The presence of ammonic chloride (or better 
still, ammonic acetate) assists the precipitation. Nickelous sulphide 
dissolves with difl&culty in dilute hydrochloric acid, readily in nitric 
acid or aqua regia, and is but slightly soluble in acetic acid. 

SH2 gives no precipitate in an acid solution, and a partial precipitate only 
from a salt of nickel with a mineral acid ; but produces readily a precipitate 
from a solution of nickelous acetate, or a nickelous salt mixed with an alkaline 
acetate, especially on heating. 

NaHo or KHo precipitates an apple-green hydrate, NiHo2, 
insoluble in excess, soluble in ammonic salts to a greenish-blue 
fluid. Nickelous hydi*ate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 

AmKo produces a slight greenish precipitate, readily soluble to a blue fluid. 
No precipitate in presence of ammonic chloride. 

OONao2 precipitates an apple-green basic carbonate, varying in com- 
position. 

COAmos, same precipitate, readily soluble in excess, when filtered and washed, 
to a greenish-blue solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yellotuish-green precipite;te of nickelous cyanide, NiCy2, which 
dissolves readily in excess of potassic cyanide to a brownish- 
yellow solution, containing a double cyanide of nickel and potas- 

* It is preferable to add hydrocyanic (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the jellowish-green 
precipitate is redissolved. G-reat caution has to be observed on account of the 
highly poisonous nature of HOy. 
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sium, 2K0y,Ni073. On adding a dilute acid (HCl or SO2H02), 
NiCja is reprecipitated, and KUy is decomposed with evolution of 
HCy. Boifing with hydrochloric acid decomposes the nickelons 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 
excess of HCy, but the nickelous salt is oxidized in the cold by 
chlorine, or on the addition of a concentrated solution of sodio 
hypochlorite, ClNao, to black nickeUc hydrate, 'Ni'"3Ho6, which is 
gradually precipitated, thus ; — 

2NiCy2 + ClNao -h SOH^ = NijHoe -h NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine 
through water, in which nickelous hydrate is suspended. HCl 
decomposes the tetrad nickel compound into nickelous chloride and 
free chlorine. Nickelic oxide, NijOa, obtained by igniting the 
hydrate, or by keeping the nitrate at a temperature of about 200° C, 
is a black substance, scarcely soluble in boiling acetic acid, 

QUESTIONS AND EXERCISES. 

1. Express in symbolic equations the reactions for nickel in the wet way. 

2. State which are the principal nickel minerals, and translate into graphic 

formulffi the constitutional formuke of emerald nickel^ antimony nickel, 
nickelous nitrate and arsenate. 

3. How many oxides of nickel are there ; and how would you prepare them from 

a solution of nickelous sulphate ? 

4. How would you recognise the presence of Ni and As in arsenical nickel ? 

5. 50 cubic centimetres of a solution of nickelous sulphate jield on precipitation 

with "KKo and ignition '370 grm. of NiO ; how much Ni is contained in 
1 c.c. of the solution, and how much nickelous sulphate (SOHosNio'^GOHs) 
must be dissolved in a Utre of water to obtain a solution of the aboye 
strength ? 

6. Calculate the percentage composition of capilhiry pyrites. 



COBALT^ Co" and ^^. Atomic weight, 58' 8. — Occurs in nature 

r CoS" 
as SULPHIDE or cohaU pyrites^ CO2S3 or < CQar/S" ; as arsenide 

"As' 

,» A ,Co", tin- white cobalt or smaltvne {sjp&iss cobalt) y as sulph- 



M 



{"As' 
„ A «rCo", 00^^82; also in the form of 

products of oxidation, such as cobalt vitriol, SOHo2Coo",60H2, as 
arsenate, AS202Coo"3,80H2, in cobalt bloom, and generally in small 
quantity in nickel and iron ores. 



EEACTIONS IN THE DEY WAY. 



Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydride are evulved. 
The residue is then introduced into a borax bead, and heated in the 
outer flame, when define blue, so-called cobalt glass, is obtained. 
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This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only afber the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 

EEACTIONS IN THE WET WAY. 

NO 

We employ k solution of cobaltous nitrate, jtq^Coo". 

SAms (irroup-reairent) gives a block precipitate of cobaltous 
sulphide, CoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left, on treating the ammonic 
sulphide precipitate of Group III with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 

SH2 giyes no precipitate from an acid solution, but precipitates cobaltous 
sulphide partially from a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt containing a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a Hue basic salt, which 
turns olive-green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose-red cobaltous bydrate, CoHo2, is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous chloride remains in solution, thus :— 

SCoHo, -h CI2 = CO2H06 + C0CI2. 

Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basic salt, 
which dissolves readily in excess. The solution is reddish-brown. Ammonic 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes red on standing. 

OONaos precipitates a peach coloured basic carbonate 

OOAmos, same precipitate ; readily soluble, howeyer, in excess, to a red 
solution. 

KCy gives with all normal cobaltous salts a brownish-white pre- 
cipitate of cobaltous cyanide, CoCyj, soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric acid. 

If the cobaltous solution, however, contains free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy, and if the solution containing the double cyanide 2KCy, 
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CoCja, be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
haying been converted into cobaltic cyanide, 'Co'"20y6, which 
remains combined with 6KCy to form a well defined and stable salt, 
called potasslc cobaltlcyanlile, E[!eGo2Cyi2, hydrogen being evolved, 
thus : — 

2CoCy2 -h 2HCy = Co,Oy, -h H^. 

6KCy + COaCye = KeCoaOyia. 

Potassic 
cobalticyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 

Sepa/raMon of Nickel from Gdhalt, — It is obvious that the hydro- 
cyanic acid reaction enables us to separate nickel from cobalt. — To 
a neutral solution of the two salts add cautiously a small quantity 
of a strong solution of hydrocyanic acid, and then, drop by drop, 
KHo (a solution of potassic cyanide may likewise be used) as long 
as a precipitate forms, and till the precipitate is just redissolved 
and the yellowish-brown turbid liquid has become clear. Heat 
gently for some time in a well-ventilated closet, till the odour of 
hydrocyanic acid has disappeared. Allow to cool, and add a con^ 
cewbrated solution of sodic hypochlorite. NiaHoe is precipitated in 
the cold, and cobalt remains in solution, as E[6Co2Cyi2. Separate 
by filtration. Test the residue before the blowpipe for nickel, and 
evaporate the solution to dryness, and test for cobalt by means of a 
borax bead. 

Instead of separatmg nickel as Ni2Hoe by means of OlNao, the solution, after 
digesting with excess of HCy, may also be precipitated whilst hot, with finely 
divided freshly precipitated mercuric oxide. On digesting for a short time at 
a gentle heat, the whole of 'the nickel is precipitated, partly as NiHo2, partly as 
NiCys, the mercury combining with the liberated cyanogen. Filter off the 
greenish or yeUowUh-grey precipitate, waah, and ignite. Pure NiO is left ; 
thus : — 

(1) 2NiOy3 + xHgO + OH2 = H^Cyg + NiHo2,NiCy2 + x-lH^O. 

Q-reenish 
precipitate. 

(2) NiHoa,NiCy2 + HarO = 2NiO + HsrCyj + OH2. 

Volatile 
on ignition. 

The cobalt remains in the solution as KeGo2Cyi2. Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercurous nitrate, N204Hg2o''. 
A white precipitate of mercuroug cobaltlcyanliie, (^g"i}iCo^Cj^y forms, 
which contains the whole of the cobalt. Filter, wash, and ignite under a hood 
with free access of air, when tricobaltic tetroxide, O03O4, is left. 

Another method of separation consists in adding a concentrated solution of 
NOKo (potasgtc nitrite) in considerable excess to a concentrated normal 
solution of a cobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolve the precipitate, which is at first produced by the free KHo and CO£o2 
contained in the NOXo. On keeping the solution in a moderately warm place, 
the nickel salt remains in solution, and the whole of the cobalt separates in 
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the form of a crystalline precipitate of a fine yellow colour (from a dilute 
solution only after long standing), the formation of which is expressed bj the 
equation : — 

^gw + UNOKo + 4{2^^^ + OH2 « NeOeOosO-i, 

Yellow 

6NOKo,30H2 + 4NO3K0 + 4/q^|.^ + N2O3 
precipitate. 

The precipitate is perceptibly soluble in cold, and more readily still in hot, 
water ; it is decomposed by hot nitric or hydrochloric acid, or by potassic 
hydrate ; insoluble in alcohol ; insoluble in the presence of potassic acetate ; 
and it can therefore be washed by a solution of potiftssic acetate, and finally with 
alcohol This bbaction bbf abates kiokel vbom oobalt yeby bffbotually. 

From the filtrate the nickel is best precipitated as an apple-green basic car- 
bonate by a fixed alkaline carbonate. 

The presence of Ba, Sr or Ca salts interferes with the reaction, as it giyes 
rise to the precipitation of a triple nitrite of Co, Ni and K. 

On igniting a small qnantitj of NgOiNio", a dirty greyish powder 
of NiO is left. Ignite next NaOiOoo" gently (200° C), and black 

cobaltous dicobaltic tetroxide, CO3O4 = < rjoO^^^ "' ^® ^®^» which 

is not solnble in boiling dilate acetic acid. On treating this oxide 
with hydrochloric acid, chlorine gas is evolved, according to the 
equation : — 

COsOi + 8H01 = SCoOla + CI3 -h 40Ha. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

Ni,0„ or| g}go, and Oo,0„ or | gjgo ; Co,S,. 

Nickelic Cobaltic Cobaltic 

oxide. oxide, sulphide. 

Ni203 is, however, mostly obtained in the wet way by the action 
of oxidizing agents, and cannot exist at a high temperature. 

CO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltouB salts containing volatile acids, and gives 
up a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoOya into COaCye, in the presence of potassic cyanide, 
or of CoO into COjOs in the potassic nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. Translate into graphic formulse the constitutional formulse of cobalt pyrites , 
oobaU vitriol, cobalt bloom, cobaltic cyanide. 



MANGANESE. 29 

2. How are OoO and O03O4 prepared ? 

3. How is Go separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and '1575 

grm. of O03O4 ; what is the percentage of Ni and Co in the ore ? 

5. Explain the formation of a hlue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmic salt. 

6. How would jou prepare potassic cobalticjanide ? 



MANGANESE, Mn", ^ and ^. Atomic weight, 55.— Occurs 
in nature mainly in the state of Oxides, of which the mineral 
pyroltmtey Mn'^02) is the most important. It is found in small 
quantities in many iron ores, and is a frequent constituent of sili- 
cates : the MnO replacing the isomorphons bases, PeO, ZnO, MgO, 
CaO, without altering the crystalline structure of the minerals. It 
exists both in the dyad and tetrad condition in manganous and man- 
ganic oxides. The Anhydrous Oxides known, besides pyrolusite, 

are hrcuimite, MnOMno", or Mn^^jOs, hausmcmnite, MnO"^^^"' ^^ 
Mn^^sO^; the Hydrates are: mcmgcmite, < lyrnOHo' JP^^^^^^^i^^i 

MnOHo^^^ ' ^^' MnHoa^^^ ' ^^"^'^^'' I Mno" (0,MnivHoO", 

[ 'Mn"'OJ 

MnHo2 
copjper mcmgcm, O Cuo". Manganese is found in combina- 

MnHo2 
tion with sulphur, in manganese blende, MnS ; with carbonic acid, 
in cUallogite, COMno" ; with silica, in red manganese or mangam, 
hiesel (rhodonite'), SiOMno", and in tephroite, SiMno"j ; with phos- 
phoric acid, as triplUe, P20Mno"2Feo"2. 



examination in the dry way. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as they dissolve 
when heated in the outer flame, in the borax bead, or in a bead of 
microcosmic salt, to a clear violet-red pearl which becomes of a flne 
amethygt colour on cooling. The bead becomes colourless when 
heated in the reducing flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fuse on platinum 
foil -(a small platinum spoon or the lid of a platinum cmcible) in 
tbe oxidising flame, when a blulsh-irreeii mass is left after cooling, 
consisting of sodlc numsanate, Mll02Nao2. The mass at the same 
time loses its transparency. This forms the most characteristic 
reaction for Manganese. Manganous and manganic oxides are 
converted into a higher oxide, Mn^Os, in which Mn exists as a 
hexad. 

EXAMINATION IN THE WET WAY.* 

All the higher oxides of manganese, when heated with hydro- 
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chloric acid, evolve chlorine, and are converted into manganons 
chloride. The chlorine so evolved becomes the measure of the 
amount of Mn02 present in a manganese ore. 

We employ A solution of manganous chloride, MnClg (free 
from Fe). 

Solutions of pure manganoos salts (free from manganate or permanganate) 
are colourless. 

SAm2 drronp-reaseiit) gives a flesh-coloured precipitate of man- 
sanoiu gnlphlde, MnS, readily soluble in dilate acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method of distinguishing Co and Ni from Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SH2 does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitate yeiy slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or NaHo gives a wTiUe precipitate of manganous hydrate, 
MnHo2, insoluble in excess. The precipitate absorbs speedily 
oxyg^en from the air, and turns dark bro¥m with formation of 

I MnOTT » ^^^6^ i* ^0 longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 

No precipitate is produced* in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,MllCl2, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown diman- 

sanic dloxydlbydrate, < lUTn ojtq* This reaction is characteristic for 
manganese compounds. 

AmHo conyejs in this change oxygen to the manganous salt in a manner 
similar to the action it has upon cohaltous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidised and precipi- 
tated in the presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of Am CI and AmHo. The reddish-brown ferric 

hydrate, which is precipitated, invariably carries down more or less \ j- qtx*^ » 

and small quantities of manganese cannot^ therefore, he separated from iron hy 
precipitation with AmCl and AmHo. The separation succeeds best if the excess 
of ammonia is immediately boiled off. 

CONao2 or COKo2 precipitates white mansanous earbonate, 
COMno", insoluble in excess of the reagent, bnt pretty readily 
soluble in ammonic chloride This precipitate absorbs likewise 
oxygen from' the air, and turns to a dirty brownish- white colour, 
owing to the formation of dimanganic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trlmansanlc tetroxfde, MllsOi. All 
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manganese oxides are obtained upon ignition in air in tbe form of 

KCj giyes a tohitisA precipitate of maniraiioiifl eyanlde, MnCjs, soluble in 
excess to a brown solution, which is not precipitated bj SAmj. 

We haye just seen how readily manganous compounds are converted, more or 
less completely, into higher oxides, in which manganese acts the part of a tetrad 
element. In the brown hydrated dioxide, obtained when a manganous salt is 
digested with sodic hypochlorite, according to the equation : — 

MnOls + OlNao + 2OH2 « Mn^'OHos + NaCl + 2H01, 

the manganese exists likewise as a tetrad element. By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are conyerted into an alkaline manganate, in which the metal man- 
ganese acts the part of a hexad element. Manganic acid itself has never been 
isolated. It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only ms- 
solve in water to ffreen solutions. 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to purple'Ted, owing to the formation of potassic permanganate,* lCn20eKo3 = 

I l/LDjOiOKoY ^^^ separation of hydrated dioxide, thus : — 

3Mn02Ko3 + 3OH3 = MnaOeKog + MnOHog + 4KHo. 

The change is accelerated by adding a few drops of a dilute mineral acid, e.^., 
nitric, hydrochloric, or sulphuric acid, which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo-octad element ; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly oxygenised compound, and that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other native peroxides, already enumerated, 
also the alkaline manganates and permanganates, act as powerful oxidizers, 
differing merely in the intensity of their oxidizing action. 

Manganic dioxide gives off oxygen on the addition of concentrated sulphuric 
acid, and forms normal manganous sulphate : — 

(Atomic equation) MnOj + SO3H03 = O + SO^Mno" + OH3. 

Sulphuric acid added to sodic manganate, gives off a molecule of oxygen, and 
forms manganous and sodic sulpliates, thus : — 

Mn02Nao3 + 2SO3H03 = 03+ S03Mno" + SOsNaog + 2OH2. 

Sulphuric acid added to a solution of potassic permanganate, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus : — 

(Atomic equation) I 5^q2(OKo^ ^ SSOjHoa « O5 + 2S02Mno" 

+ SO3K03 + 3OH2. 

Hydrochloric acid acts likewise upon the higher oxides of manganese with 
evolution of chlorine and formation 01 metallic chlorides and water. The per- 
oxides of manganese, especially the hldck oxide, constitute the principal sub- 

* Permanganic acid has never been isolated. It exists only in a few metallic 
salts called permanganates, which are soluble in water, forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep violet lustre. 
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stances, together with hydrochloric acid, or sodic chloride and oil of vitriol, for 
erolying chlorine in the laboratory and on a manufacturing scale. 

We know of no other mineral oxidiiing agent capable of yielding from one 
molecular group of elements five atoms of oxygen ; and there are but few ele- 
mentary substances which resist the oxidizing action of potassic permanganate. 
Hydrogen, freshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen, 
carbonic disulphide, are oxidized more or less rapidly. Metals, such as zinc and 
iron, become oxidized after a few days ; lead, copper, mercury and silver after 
some time. Many lower oxides, chlorides, etc., are converted into higher oxides, 
etc., especially in the presence of a free acid (hydrochloric or sulphuric acid). 

Thus arsenious is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into phosphoric acid. Oxalic acid is oxidised 
into carbonic anhydnde and water. Lower, or -ous chlorides, sulphates, etc., are 
converted into the higher or -ic salts, «.^., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized ('* chlorinized ") in the presence of free 
hydrochloric acid into ferric, stannic, antimonic, cupric, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlo- 
rides. Ferrous, cuprous, and other sulphates are converted in the presence of 
free sulphuric or hydrochloric acid into ferric or cupric sulphates. 

Potassic permanganate oxidizes also many organic bodies, such as sugar, gum, 
cellulose (in paper, cotton), uric acid, etc. The reaction in all these cases is indi- 
cated by a change of colour. On adding, for instance, the purple coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate becomes, there- 
fore, the measure for sulphurous acid, and in like manner for other lower oxides, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in order to be converted into 
sulphuric acid, and potassic permanganate can part vrith five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, five molecules of the 
reducing agent, i.e., 816 parts by weight of potassic permanganate become the 
measure for 5 x 64 = 320 parts by weight of SOj. 

Two molecules of ferrous sulphate combine with one atom of oxygen and one 
molecule of sulphuric acid, to form one molecule of ferric sulphate, thus : — 

2S02Feo" + O + SO2H02 = SgOgFeaO^ + OHj. 

Hence one molecule of dipotassio permanganate oxidizes ten molecules of 
S02Feo", ten molecules of FeO, or ten atoms of Fe j and 316 parts by weight 
of MXI2O6K02 become the measure for 

10 X 152 parts by weight of SOgFeo" 
or 10 X 72 „ FeO 

or 10 X 56 „ Fe. 

QUESTIONS AND EXERCISES. 

1. Which are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

3. Explain the action of concentrated SO2H02 upon MZ1O2, lCn02Nao2 and 

Mx^OgKos ; and express the changes by equations. 

4. Translate into graphic formuls the constitutional formulee of pyrohisite, 

braunite, hausmannite, manffanUe, psilomelane, wad, varvicite, and 
teph/roite, 

5. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni and Co ? 

7. How is Mn separated from calcium or from potassium ? 

8. What change does a solution of dipotassic manganate undergo when heated 

in contact with air ? 

9. GKve evidences of the dyad, tetrad, and hexad nature of manganese. 

10. G-ive the graphic formulss for dis6dic manganate and dipotassic perman- 
ganate. 
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11. Explain the action of AmHo upon cobaltous and manganous salts, Ist, in tlie 

presence of amnionic chloride ; 2nd, in the absence of amnionic salts ; and 
Srd, with free accdls of air. 

12. State why Mn is separated with difficulty from Fe** bj means of AmCl and 

AmHo. 
18. What change does OOMno'' undergo upon ignition ? 

14. Bj precipitating 2*622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitate, 1*325 grm. of Mns04 is left ; what is the per- 
centage of manganese in the salt ? 

15. What is the action of dipotassio permanganate upon HCl, SHj, SO^, 

I OOHo' ^^^^^®(^^9^^3 ^ Express the changes by equations. 

16. How much sulphurous anhydride by weight and by yolume (at O** C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing '500 grm. of dipotassic permanganate ? 

17. Explain the action of sulphurous anhydride upon manganic dioxide. 

18. *125 grm. of dipotassic permanganate had to be added to a giyen quantity of 

an acid (SOsHo]) solution of SOjFeo''. Calculate how much metallic 
iron the solution contained. 

19. '450 grm. of tpathio iron ore^ OOFeo'', when dissolved in hydrochloric acid, 

required '100 grm. of Mn^OcEos. What will be the percentage^lst, of 
carbonate ; 2nd, of metaUic iron, contained in the ore ? 

20. 1'240 grm. of OOj was eyolved when 1*780 grm. of pyrolusite was treated 

with moderately concentrated SO2H03 and - qq-u^- What is the per- 
centage of lCn02 in the ore, and how much chlorine gas by weight and by 
Yolume can be eyolyed from 100 grms. of the ore when treated with HCl ? 



ZINC^ Zn". Atomic weight, 65. — Occars in nature chiefly as 
SULPHIDE, or ^zinc blende, black jack, ZnS ; as carbonate, or cala^ 
mdne, OOZno" ; and as silicate, or zi7ic gUmce, electric calamine, 
SiZno",,OH2, Willemite, SiZno"2; also as oxide — the only oxide 
known — in red zinc ore, ZnO. 

REACTIONS IN THE DRY WAY. 

The most cliaracteristic blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flame with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, burns, on passing through the outer flame, with a bluish- 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, wblte when cold, and which 
assumes a line irreen colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidising flame, — zincic 
oxide being non- volatile. 

Zinc compounds give with borax or microcosmic salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, howeyer, only to pure zinc compounds, and the detection 
of zinc in poor ores containing other readily oxidizable metals (such as Fb, Cd, 
As, Sb, wmch giye likewise incrustations), is a matter of great uncertainty. 

Zincic sulpmde {zinc blende) ^ when roasted in a tube of hard glass, loses part of 
its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
SOaZno^' {white vitriol) y which may be extracted with water. 

CeUcunine leaves on ignition zincic oxide. 

D 
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BBACTIONS IN THE WET WAY. 

"We employ a solution of ZiNCic Chlokide, ZnCl2, or of Zincic 
Sulphate, SO2Z110", = S02(0aZii)". Both salts yield colourless 
solutions. 

SAnij (sronp-reAfrent) gives d. white precipitate of zincic 
suiphlde, ZnS, insoluble in excess. From diliite solutions the pre- 
cipitate separates only after some time, more speedily in the presence 
of ammonic chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric acids, with evolution of sulphuretted hydrogen; 
also by nitric acid, but is insoluble in acetic acid. 

SH2 precipitates zinc imperfectly from neutral solutions of zincic 
salts with mineral acids ; but from an acetate or a solution of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by sulphuretted hydrogen as zincic sulphide, even in the 
presence of much acetic acid (method op separation oP Zn from 
Mn). Free orgranic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, Z11H02, readily 
soluble in excess, and in AmHo, reprecipitated almost entirely on 
diluting with water and on boiling, soluble also in ammonic chloiide. 
Sulphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 

CONao2 or COK02 produces a white precipitate of iMiiac car- 
bonate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydl^te, according to the equation :— ^ • 

rCHo(OZn"Ho)a 
SSOaZno" H- SCONaoa -h SOH^ =-< Zno" H-SSOjNao, 

tCHo(OZn"Ho)2 

Dihydric pentazindc 
dicarbonate tetrahjdrate. 

+ 300,. 

A large excess of ammoiiic salts prevents the precipitation. 

This carbonate leares on ignition ZnO, also known under the name of zinc 
fohite, 

OOAmo2 produces the same precipitate, soluble, howeyer, in excete. 

KCy gires a white precipitate of zincic cyanide, ZnC72) soluble in excess, 
not reprecipitated bj SAm2, but completely precipitated by SK3 as ZnS (Method 
for the separation of 2n from Ni). 

Zinc precipitates the less electropositiye metals from their solutions, yiz., As, 
Sb, Sn, Cd, Ou, Pb, Ag, Bi, Hg : and on dissolring impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolye, as long as buy 
zinc remains undissolyed. Hence zinc protects other metals, such as copper, iron 
(galyanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolyes in alkaline 
Solutions in the cold ; when boiled with EHo (NaHo, or eyen AmHo), it dissolyes 
likewise, with eyolution of hydrogen and formation of dlpotaiiMe 'lAnef c oxide, 
ZxlKo]. 

Zinc yapour decomposes OO3 at a high temperature, and forms ZnO and 00 ; 
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at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallic zinc from some of its ores). This forms an interesting instance of 
reciprocal ohemioal action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, BOsHoa, NOgHo, and KHo upon metallic zinc. 

Express the changes by equations. 

2. GKye the names and composition of the most important zinc ores, and translate 

ilieir constitutional into graphic formulae. 
8. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

xormulsB for the basic carbonate and dipotaseic zincic oxide. 

5. 1*5 grm. of calamine yielded *876 grm. of ZnO, what is the percentage of 

zinc in the ore ? 

6. How is metallic zinc obtained from calamine^ or red zinc ore 7 

7. How has ZnS to be treated in order to extract from it metallic zincP 

8. How is Zn separated from Mn ? 

9. How can Zn be separated from Ni and Co ? 

10. How would you remore the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, Ist, from zinc hlende, 2nd, from calamine ? 

Giye the composition of the ciystallized salt. 

12. You liaye giyen to you calamine, zinc blende^ hydrochloric acid, water, and 

Bodic carbonate. State how you would prepare from these materials zincic 
oxide or zinc white. Express the changes by equations. 



IRON, re",^ and ^. Atomic weight 66.— One of the few 
metallic elements which occurs very abnndantlj in nature, mostly 
in the combined state. It will suffice if we consider more espe- 
cially those iron ores which contain the metal in sufficient quantities 
and which are sufficiently free from deleterious substances (such 
as S, P, As), to render them suitable for the extraction of iron 
hj the usual metallurgical processes. The most important iron 
ores are : — 

1st. Obes containing Ferrous Oxide : — spathic or sparry iron 
ore, OOFeo", {splmerosiderite) containing varying quantities of 
OOMno^', COMgo", and COCao" ; hla^Jc ha/nd or carbonaceous 
iron ore, a sphaerosiderite containing from 20 to 25 per cent, of 
bituminous matter ; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flux necessary for their 
reduction to the metallic state. 

2nd. Ores containing Ferrous and Ferric Oxides : viz., 

{FeO 
ji^qFco* (ferrous diferric tetroxide). 

3rd. Ores containing Ferric Oxide only : ,viz., red hcmnatite 
{micaceous iron, oUgist, specular vron or iron glance), ''Fe"'208 = 

1 FeO^ (ferric oxide). This oxide forms different hydrates which, 
according to the amount of water which they contain, have received 
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{FeOHo 
PeO 
p qO (tetraferiic 
FeOHo 

pentoxy-diliydrate) ; needle iron ore, hrown iron ore, or pyrrhosiderite, 

Fe203,OH2 = < peOH (diferric dioxy-dihydrate) ; limonite or 

FeOHo 
FeHoa 
compact hrcywn iron ore, hrown ho&matite, 2Fej03,3OH2 = { ^ 

FeHoz 
FeOHo 

(tetraferric trioxy-hexaliydrate) ; (varieties : ooliiic iron ore, pea 

ore) ; yellow iron ore or xanthosiderite, Fe203,20H2 = s FeHo ^ 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
nsed for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites, ma/rtial pyrites or mundic, FeS2, 
found abundantly in nature ; FegSs (diferric trisulphide) ; copper 

r FeS 

pyrites, Fe2S3,CU2S= < p «Cu2s", and magnetic pyrites, 5FeS,Fe2S3 

= Fe7S8, which may be expressed graphically, thus : — 

S=Fe Fe Fe Fe Fe Fe Fe=S 

I I 

(Pentaferrous diferric octasulphide.) 

Besides these ores, iron is found in nature in combination with 

{"As' 
,/ *^,Fe,Fe^^S2 ; with chromium 

{'Cr^'O SiO i] 

/i^ ,///^Feo";withsiLiCAasc^Zoro»aZ,SiO = Fe20'^, 
^^ ^ SiO=Jl 

3OH2, and many other silicates ; as sulphate, in green copperas 
or green vitriol, S0Ho2Feo",6OH2 ; as phosphate in vivianite,* 
P202Feo"3,8OHa (triferrous phosphate), and others; as arsenate, 
in scorodite, As202Fe2O^,4OH2, and others. 

REACTIONS IN THE DRY WAT. 

On heating the different iron compounds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
the outer flame, on a horax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming ligrlit yellow, when cold. 
In the reducing flame they give an oiiTe-ffreen to bottle-ffreen bead. 

• Contains also ferric phosphate, PaOaFeaO^SSOHa, to which the blue colour 
of the mineral is due. 
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The reactions with microcosmie salt are similar but less distinct. The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, previous to being introduced into the borax bead. 
When heated with OONaoj on charcoal, in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, such as HCl, SO2H02, forming 
ferrous salts, PeCls, S02Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of ammonic nitrate; 
the reaction may be expressed thus : — 

4Fe H- IONO3H0 = 4| JJq'Fco" H- NO»Amo + 3OH2. 

The metal iron exists in all these salts in the dyad condition, 
but exhibits a marked tendency to pass into the teirad condition. 
Exposed to the air, FeCl2 and S02Feo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidising agents, such as CI2, Br2, I2, ClNao, 
KO3CI in the presence of HCl, NO2H0, N02Ago, AuCla, HgCl2, 
Mn206Ko2, Cr02Ko2, and others. We possess therefore i/n ferrous 
com/pounds powerful reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreorer, by the limited number of ferrous com- 
poimds which exist in nature. The latter must be viewed as unsatisfied bodies, 
which, under favourable conditions, deprive other bodies, directly or indirectly, 
of oxygen, to form ferric compounds. Dyad iron, Fe" (called yferro*«w) has 
two bonds latent, which it is eager to satisfy, so as to become converted into the 
more stable tetrad iron,Fe*^ (or ferricum) , in which condition it occurs in nature 
in combination with sulphur only, as FeS^, without forming any corresponding 
oxygen, chlorine, etc., compoimds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 
oxygen with one atom of iron, so as to form ferrates, as in potassic ferrate, 
FeOsKos, in which compound the iron exists as a hexad element. 

These different combining conditions of the metal iron may be 
represented graphically, thus : — 

\/ 
Dyad iron — Fe— , e.g., in PeCU, FeO, PeS. 

'/ ..II 

Tetrad iron — Fe — , or pseudo- triad iron, — Fe — Fe — , e.g., in 

/I II" 

iP-iTQ /'Pe"'Cl3 r'Pe"'S« f'Pe"'On ,, ., 

Hexad iron — Fe— , or =Fe=, e.g., in Pe^'OaKo,. 

/V II 
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A. Ferrons eumpounds. — We employ A solution of ferrous 
SULPHATE, SOzFeo", = SOaCOzFe)". 

SAin2 (grronp-reaireiit) gives a hlach precipitate of ferrous 
sulphide, FeS, insoluble in alkalies and alkaline sulphides, easily 
decomposed and dissolved by dilute hydrochloric acid, with evolu- 
tion of sulphuretted hydrogen. The moist precipitate absorbs 
oxygen from the air, and is rapidly converted into ferrous sulphate, 
and lastly into yellow basic ferric sulphate, with evolution of much 
heat. (This oxidation constitutes a frequent cause of the spon- 
taneous inflammation of pyritical coal (which contains FCtSb) on 
board vessels.) 

SH2 does not precipitate neutral or aoid solutions of ferrous salts ; ferrous 
acetate even is only partially precipitated. 

KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, PeHo2, which turns rapidly to a 
dn>rty green colour, and ultimately becomes reddish-hrown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a slight precipitate in a ferrous solution, containing a 
sufficient amount 01 AmCl. The presence of non- volatile organic 
acids, of sugar, etc., also prevents the precipitation more or less. 

OONao2, OOK02, or OOAmos precipitates white ferrous carhonate, 

OOFeo", -Vrhich becomes rapidly oxidized when exposed to air. 

^J^eCjs (potasslc ferrocyanlde) produces, by the replacement of 
K3 by Fe^', a Uuish -white precipitate of dlpotasslc ferrous ferro- 
cyanlde, KaPe'TeCye, tbus : — 

SOaFeo" -h K^FeCyfi = KsFe'TeCye + SO2K02. 

Bluish- wHte 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dourk blue precipitate, or Prussian hlne, either by 
exposure to the air, or more speedily by an oxidizing agent, thus : — 

4K2Fe"FeCy6 + 2CI3 fc= 3FeCy2,2Fe,Cy6 + 4KC1 + KiFeOye. 

Prussian blue. 

KeFcaCyia (potasslc ferrlcyanlde) produces a dark &Z«^ precipitate 
of triferrous dlferric dodecacyanlde, Fe''3'Fe"'2Cyi2 (Tumbull's blue), 

insoluble in hydrochloric acid, thus : — 

3S02Feo" H- K^e^Gjn = Fe"3'Fe"'2Cyi2 H- 3SO2K02. 

TumbulVs blue. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation of ferrous 
and ferric hydrates, thus : — 

(1) KjFe'TeCye + 2KHo = K4FeCy6 + PeHo2. 

(2) 3FeCy2,2Fe8Cy6 + 12NaHo = 3Na4FeCy6 H- 2Pe2Ho6. 

(3) Fe'VFe"'20yi2 + 8NaHo s= 2Na4FeCy6 + F8j04,40H2. 
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These precipitates cannot form, therefore, in an alkaline solu- 
tion. 

CjKs (potassic sulphoeyaiiate) gives no indication, if the ferrous 
cont«5ns no ferric salt. 

B. Ferrle compounds. — We employ A solution of Ferric Chlo- 
ride, Te'^Cle, = {'5J'/c^^^^^ 

SAm3 (erroup-reasent) prodnces a black precipitate of ferrom 
sulphide, FeS, mixed with sulphur, thus: — FeaCU + 3SAm3 = 2FeS 
4- S + GAmCl. Dilute solutions of iron give only a greenish colora- 
tion. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exibt, however, viz., FeSj and FCaSa, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc. 

SHa does not precipitate FejCle ; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2FeCl2 and 2HC1, wEite 
salphur being precipitated, which renders the solution of the ferrous 
salt milky. 

KHo, NaHo, or AmHo precipitates the reddish-hrown ferric 

f 'Pe'^'Ho 
hydrate, Fe203,2OH2 = < t'o^m-a ^O, or diferrie oxytetrahydrate, 

insoluble in excess and in ammonic salts (except COAmoa). Non- 
volatile organic bodies (6.^., tartaric or citric acid, sugar, etc.) 
prevent its precipitation by AmHo, but not by SAma. The pre- 
cipitate retains with great tenacity small portions of the fixed 
alkalies. 

OONaoa, COK02, and COAmoa produce the same precipitate 
with evolution of carbonic anhydride. 

POHoNaoa (hydric dlsodlc phosphate) prodnces a yeUowish" 
whiUflo(xulenUgelatimym precipitate of ferric phosphate, PaOaFejO^, 
-f 4A<1. The precipitation is complete only in the presence of sodic 
or ammonic acetate, thus : — 

Fea01« + 2POHoNaoa -H 2 1 CQNao = ^^OaFeaO^ + 6NaCl 

■^ ^ 1 COHo- 

On the addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
soluble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should 
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be filtered hot, and washed by decantation with hot water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate ; insoluble, however, in acetic acid, like the corresponding 
chromic* and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
from the phosphates of Fe*^, Al*^, (and Cr*^). Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao" -h 2 I gg|^^^ + { g^^^ + Pe^Cle = P.O.Fe,o-» 

H- 2BaCl2 + 2NaCl + 3 I qq^^' 

as long as a yellowish-white precipitate comes down, and till the 
supernatant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate, 
in the presence of amnionic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P40(Fe206)'^Fe20^2 + 16 aq.). Potassic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fusion-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as oxide or sulphide, from which the soluble alkaline phosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

KiFeCye gives a, fine hlue precipitate, 3FeCy2,2Fe2Cy6, known as 
Prussian lilue, thus :— 2Fe2Cl6 + SKiFeCye = 3FeCy2,2Fe20y6 + 
12KC1. Insoluble in hydrochloric acid ; decomposed by KHo or 
NaHo ; soluble in oxalic acid ; soluble also in excess of KiFeCye, to 
a blue solution. 

K6Fe2Cyi3 produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish-brown. (Distinction between 

FERROUS AND FERRIC SALTS.) 

CyKs (potassic sulphocyanate) gives a darh red or hlood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The hlood red fierrie sulpho- 
cyanate, Cy6Fe2s'^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 

* Chromic phosphate, especially when freshly precipitated, is dissolyed, 
although with some difficulty, in acetic acid, especially on heating. 



FERRIC COMPOUNDS. 41 

destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fb" from Fb*^.) 

This confirmatory test should invariably be applied, because ferric acetate, 
when heated in presence of acetic acid, giyes liKewise a deep red coloration, 
which becomes lighter coloured on cooling. 

Excess of sodlc acetate, added to a solution of a ferric salt, pro- 
duces a deep red- coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of hrowmsh-yellow flakes, 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for sepakating Fe*T from Mn".) 

Ammonlc succinate or benzoate precipitates ferric, but not ferrous salts' 
as ferric succinate or benzoate.* The ferric solution should be perfectly 
neutral. Salts of FeO, MnO, OoO, NiO, ZnO are not precipitated. (Method 

OP 8BPABATI0N OP Fb*^ PBOM Fb", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baric or caldc carbonate, 

suspended in water, precipitates ferric (not ferrous) chloride, as 
ferric hydrate, Fe2Ho6, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in the coldy and well shaken up with it, till the reddish-brown pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
earthy carbonate. 

COBao" separates in like manner the higher or -ic chlorides of 
this group from the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincic, manganous, cobaltous, and m'ckel- 
ous salts, it is necessary that these metals should all be obtained in 
the form of chlorides, when, on the addition of baric carbonate, the 
respective hydrates, mixed with basic salts, are precipitated from 
the ferric, etc., chlorides, whilst ferrous chloride and the chlorides 
of Zn, Mn, Ni, and Co, are not affected. Air has to be excluded as 
carefully as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; and the reaction should be per- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 
has ceased. The addition of ammonic chloride, previous to the 
precipitation with baric carbonate, almost entirely prevents any 
cobaltous and nickelous hydrates from falling out with the baric 
carlx)nate precipitate. (Method for separating Fe*^, (also Al and 
Cr), prom Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
the barium is removed by means of dilute sulphuric acid, and the 
iron, etc., precipitated byAmHo. 

Tannic as well as iraUic acid (tincture of nut-gaUs) produces from neutral 
ferric salts a hhiish-hlacJe precipitate (ink), readily soluble in acids. 

A yery delicate reaction for Fe^^ consists in adding a few drops of a solution 



* The formula of these compounds will be explained under the respective 
acids. 
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of potMsio femcyonide to » dilute solution of a ferric salt, and next a few drops 
of a yerj dilute solution of stannous chloride, SnClj. A blue precipitate indi- 
cates the presence of iron, thus : — 

(1) FetOls + KsFefCjis gires no precipitate, but merely a flfurk-brown 

coloration, 

(2) F€(aCl« + SnCl, = 2FeCl2 + SjiC^. 

(3) 3Fea, + KeFejCyia = Fe^FesCyu + GKOL 

Tumbull's blue. 

A ferric salt when coming in contact with certain bodies (especia)ly bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldlzingr ayent. 
Thus S'^OHoj is coijverted into S'^OjHoa ; KI gives off iodine ; Sn'^Cla is con- 
verted into Sn*'Cl4 j SSONaoj (sodic hyposulphite) ii9 oxidized to SO^HoNao. 
Iron or zinc readily reduce ferric to ferrous sfdts. 

C. Ferric anhydriile, Fe^^Oa, or f erriq^ acid, Fe'*02Ho3, containing hexad 
iron, has never been obtained in an uncombined state. The alkali salts only are 
known and are pbtained, like the alkaUne manganates, by fusing iron tilings with 
i|itre. Ferrates are decomposed t^jp more readily than manganates. 

QUESTIONS Ain) :mXEBOISES. 

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the pxtraction of 

iron in this country. GKve constitutional and graphic formiU®. 

8, Which are the more important sulphides of iron r Give constitutional and 

graphic formulae. 
4f, Q-ive the graphic formulae of ohloropdl, chrome iron ore, green copperas^ and 
vivicmite. 
, 6. How is iron detected in the dry way ? 

6. What takes place wh^n iron is dissolved in HCl, in 8O3H02, or in dilute 

NQaHoP 

7. E:^plain the change which takes place when FeClj is severally acted upon 

by atmospheric air, by chlorine, KOsCl and HCl, NO2H0, Hg<^2, 
AuCls, and by iCnoOeKos and HOI. Express the changes by equa- 
tions. 
9f Give graphic f on;Qul£e ^or ferric chloride, ferric hydrate, ferrous sulphide, 
dipotassic ferrate. 

9. Explain the action of SHs and SAm2 upon ferric salts, 1st, in acid solutions ; 

2nd, in neutral or alkaline solutions. 
10. How does £4FeOyg and K^FesOyis enable us to distinguish between ferrous 

and ferric sallis ? 
1).. ^ate whj K^¥fdfiyi^, pi the pre«9ence 9f Sxids^ produce^ a blue precipitate 

with ferric salts. 
19. Explain the action of OyKs upon ferrous and ferric salts. 

J3. ilxplaip the ^tion, 14 ot{ §oHo^ ^^^» ^^ ^®' ^^^ ^^ ^^^Oj^ upo? 

Prussian blue. 
14f. What c^nge is produced when F^sOlg ip brought togetl^er, 1st, with SO3, 

2nd, with SnCl,P 
J.$, Explain the action of metallic iron or metallic zinc upon SgOcFcsO^. 

16. How would you prepare dipotassic ferrate? Explain the action, 1st, of 

water ^ 2nd, jof HOI upon it. 

17. How much hydrogen gas by weight and volume (at (f 0. and 760 mm.) is 

obtained when 10 grms. <^ ii^etalJiie iron are dissolved in dilute hydro- 
chloric acid ? 
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18. How much sulphurous anhydride saa by weight and by yolume is reqiiired 

to reduce 1'324> grm. of ferric siuphate to ferrous sulphate ? 

19. Describe the properties of ferric phosphate. State why an alkaline acetate 

has to be Sbaded, previous to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

20. The Talue of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron pi/rites, FeSj, containing 46*5 per cent, of sulphur, 
£1 lOs. 6d. Ascertain which can be more profitably worked in the manu- 
facture of sulphuric acid, haying regard merely to tne respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol ? 

22. '432 grm. of brown hamatite ore gave '350 grm. of Fe^Os. What is the 

percentage of metallic iron in the ore, and what the percentage of brown 
MBmatite present ? 

23. How is FoaOg separated from FeO P Describe two methods. 

24. How would you separate FojOs fro™ Zn*, Mn", Ni", and Co" ? 

26. Why is it prefen^d to precipitate FosCl^ by means of AmHo, instead of 
KHo? 



CHROMIUM, Cr", % and ^. Atomic weight, 62-6.— This 
element is comparatively rare. It occurs in natnre chiefly as 

chrome iron ore, Cra03,FeO = < crO^®^ ' ^^^ crocoidte, CrQaPbo". 

Chromic oxide constitutes the colouring matter in ruby, green ser- 
pontine, etc. 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very charac- 
teristic ffreen colour which the oxide imparts to horax and micro- 
cosmic salt, especially in the reducing flame. Fmel/y powdered 
chrome ii'on ore, when fused in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then with the 
addition of an equal bulk of nitre and COKos (equally mixed), yields 
a yellow ma$$ of potassic ebroiiiate, CrOaKoa, which is soluble in 
water, to a ydlow solution. If manganese were present the solution 
would be green^ owing to the formation of potassic manganatb. 
This latter can be readiJy removed by adding a few drops of alcohol 
to the solution, heating, and filtering o£E the manganic hydrate. 
The chromate remains unchanged. 

reactions in the wet way. 

Chromic salts can be prepared from the yellow Cr02Ko3, or the 
red dipotassic dichromate, CrsOfiKo2, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

solution changes to a deep green solution of CrjCl^ = < 'nr'^ri'' 

in which the Cr exists as a tetrad or pseudotriad element. 

A lower cbloride, OrCl^ bas been prepared in wbicb Cr acts as a dyad element ; 
but as it bas to be carefully kept from the air to preyent its becoming rapidly 
oxidised, and as it is of no real pmotical use, « passing notice of it will suffice. 
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Chrommm is capable of forming three series of componnds* 

Chromous compounds Chromic compounds Chromates 

containing dyad Gr. containing tetrad Gr. containing hexad Gr. 

Or"0l2. 'Cr'^Ole. Cr^OaKo,. 

Cr"0. 'Cr"'203. Cr^OaPbo". 

Cr"Ho,. 'Cr"'aHoe. 

of which we purpose studying only the two latter. 

A. Chromic Compoiiniis. — ^We employ a solution of Chromic 
Chloride, Cr2Cl6. 

SAms (irroup-reairent) precipitates hluish-green chromic hydrate, 

Cr2Ho6, insoluble in excess. 

AmHo precipitates the hydrate, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution; reprecipitated by long-continued boiling or on 
adding AmCl, whereby the fixed alkali is removed as KCl or NaCl, 
with substitution of AmHo. 

CONaoa and 00Amo2 give greenish precipitates of hasic car- 
bonates (varying in composition), somewhat soluble in excess. 

POHoNao2 (hydric disodic phosphate) precipitates green chromic 
phosphate, P202Cr20^, soluble in mineral acids, difficultly soluble 
in acetic acid. 

COBao^' precipitates basic carbonate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

In the presence of citric, tartaric, and oxalic acid, also of sugar, 
the precipitation of chromic salts by means of ammonia, sodic, or 
baric carbonate is more or less incomplete. 

Chromic compounds may be recognised also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of Or2Cl« with Pb02 and KHo or 
NaHo. The reaction which takes place, and which is indicated 
by a change of colour (from green to yellow), may be expressed 
thus: — 

(1) CrjCle H- 6KH0 = Cr2Ho6 + 6KC1. 

Soluble in 
excess of KHo. 

(2) CraHoe -f 3Pb02 = 2Cr02Pbo" + PbO + SOH,. 

Soluble in Soluble in 
XHo. E!H!o. 

On acidulating the solution with acetic acid, a precipitate of 
plumbic chromate, CrO,Pbo" is obtained. 

* The intermediate oxides, Orj08,OrO «» -< qtO^'^" (chromous dichromic 
tetroxide), and OrOj (chromic dioxide) cannot be considered here. 
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2nd. By boiling a solution of CrsCU with NaHo and sodic hypo- 
chlorite^ ClNao, thus : — 

CraHoe H- SClNao + 4NaHo = 2CrOaNao3 H- 3NaCl + SOH,. 

Yellow sodic 
chromate. 

3rd. By fusion with alkaline carbonates and nitre (or, better 
still, with potassic chlorate), on platinum foil. 



B. Chromic anhydride, Cr^Os. — Chromic acid, CrOsHo?, com- 
bines with KHo to form two salts, the normal, or yellow chromate, 

r CrOaKo 
CrOaKos, and the orange-red dichromaie,< O , isomorphous 

L CrOaKo 
with the corresponding sulphate and disulphate. A solution of tlie 
neutral (yellow) chromate is changed to an orange-red (acid) dichro- 
mate solution on boiling with nitric acid, one half of the alkaline 
base being removed in the form of potassic nitrate. The two salts 
are separated by crystallisation. 

Th6 anhydride may be prepared by slowly adding to a cold saturated solution 
of tlie red mpotassic dichromate li times its bulk of concentrated sulphuric acid, 
and allowing it to cool slowly. OrOg crystallises out in brilliant crimson-red 
prisms. The mother-liquor is poured off, and the crystals placed to drain upon a 
porous tile or slab of unglazed porcelain (biscuit) and kept covered with a bell- 
jar. They must be preserved in a well-stoppered bottle. 

Chromic anhydride is one of the most powerful oxidising agents 
known. Two molecules of CrOa yield upon ignition chromic oxide 
and three atoms of oxygen, accor(nng to the equation : — 

2Cr03 = OraOa H- O3. 

' Tbe metal chromium appears to exist in nature mostly in the tetrad and 
hexad state, as a glance at its natural compounds will show. Chromium differs, 
however, in a marked manner from iron and manganese, which can Ukewise exist in 
the tetrstd and hexad state, by forming more stable hexad compounds (chromates), 
whilst in perchromic acid, on the other hand, the metal chromium appears to 
hold the oxygen less firmly than manganese holds it in permanganic acid. 

Reactions of CrOa based upon its Oxidising Action. 

A solution of dipotassic dichromate, Cr206Ko2, may be em- 
ployed. 

SHa, in the presence of free hydrochloric acid, reduces the orange- 
red solution to a green liquid, sulphur only being precipitated, 
thus: — 

CraOjKoa -f 8HC1 -f SSH, = Or^Clfl -f 2KC1 + 7OH2 -h S3. 

SAm2, added in excess to a solution of an alkaline chromate op 
dichromate, precipitates dirty green taydrated chromic chromate. 
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On boiling, the whole of the chromium separates as green diromle 
hydrate, thns: — 

OraOftKoa + SSAms + ^OHj = CTsHoe + 83 + 2KHo + GAmHo. 

In the one case the H2 of the SH, acted as the reducing "agent ; 
in the other the (NH4)2 of the SAm2. 

SOHo2, in the presence of a little free SOjHoa, reduces potassic 
dichromate to chromic sulphate, thus : — 

Cr^OflKoa H- 3SOH02 + SOaHo2 = SsOeCrgO^ + SO2K02 + 4OH2. 

Chromic sulphate and potassic sulphate constitute potassium 

S02K0n 

SO = ' 
chrome alum, or (dipotassic chromic tetrasulphate) ari' CrgO^. 

SO2K0J 

COTTn 

COTT (oxalic add), in the presence of free acid (dilute 

sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of CO2 become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 

S02K0n 

CraO^Koa H- 3 { §2^^ H- 4SO2H02 = IJCraO^ H- 6C0a + 7OH2. 

SO2K0J 

S02no2 (concentrated) reduces the dichromate, on the applica- 
tion of heat, with evolution of oxygen and formation of potassium 
chrome alum, thus ; — 



{ 



+ 4SOkHo, = 2x'Cr,o'' + 40H, + 0„ 

CrO^o fgvj 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate, thus : — 



{ 



Cr02Ko 

H- 14HC1 = OCjCle + 2KC1 + 7OH2 + SCla. 

Cr02Ko 



AS2O3 (in a hydrochloric acid solution) is converted into 
AsOHos, thus :^— 



{ 



CrOjKo 

O + SAsHos H- 8HC1 = Cr2Cl6 + 2KC1 4- SAsOHos 

OrOjKo H- 4OH2. 



SnClj, SbCls, PeClj, Zn (Fe, Sn, etc.) in the presence of dilute HCl, 
reduce likewise chromates or dichromates. The reduction is 
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effected also most readily by numerous organic bodies, — ^frequently 
with explosive violence — such, as alcohol and HCl, in which case 
the alcohol is oxidised to aldehyde, ethylic chloride, and other 
volatile products. 

Reactions foe CrOa produced by Double Decomposition. 

Ghromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate), also of iron (Fe*^), zinc, manganese, 
and copper, are soluble in water ; all other chrbmates are insoluble, 
ibut dissolve readily in dilute nitric acid. 

BaCU, added to a solution of a normal chromate (or dichrolnateX 

gives a light lemon-yellow precipitate of iMurlc chromatiB, CrO^Bao", 

even in very dilute solutions ; insoluble in aceti($ acid, difficultly 

soluble in dilute nitric or hydrochloric acid, and reprecipitated hf 

AmHo. 

fCH, 

I CO 

> r^ry^^o" (plumblc aectate) gives a fine "lemon^ellow pirecipi- 

tate of piumbtc chromate, CrOjPbo'', soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neatral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrO(Pb02)'Tbo". 

NOaAgo (argentic nitrate) gives a dark •purple-red precipitate of 
argentic chromate, CrOjAgOa, soluble in nitric acid and ammonia. 

(CrOsAgo 
From weak acid solutions argrentic AehromUte, < , is pre'^ 

(OrOjAgo 

cipitated. 

NO 

j*Q*Hg2o" (mercurous nitrate) gives a dark brick-red basic 

precipitate of CrO(Hg208)"Hg3o", which on ignition is converted 
into oxygen, mercury vapour, and finely divided green CTsOs. 
(Method of separating Chromic Acid from Chromic Oxide.) 

On bringing together a little chromic acid with hydric peroxide, O^Hf, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of pbbchbomio acid, in which compound chromium plays the .part of 
a peeudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, however, rapidly with eyolution df 
oxygen, leaving 0rO2H02, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of O2H3, and then a drop of a dilute solution of a 
chromate. On shaking up gently the ether takes up the whole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of OrOs can b^ dis- 
covered in thiB manner, or vice versd the smallest quantities of O2H2. 

QUESTIONS AND EXERCISES. 

1. Which is the most important ohromiutn ore ? G-ive symbolic and graphic 

formulae. 

2. How is chromium detected in the dry way ? 

8. What analog exists there between chrome iron ore and chromous dichromic 
tetroxider 
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4. DeBcribe how oliroinic chloride or sulphate is obtained from an alkaline 

chromate. 

5. Giye symbolic and graphic formulse for dipotassic chromate and dichromate, 

and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double decomposition which you can produce with 

chromic compoimds. Give equations. 

7. How can chromic compounds be converted in the wet way into chromates ? 

Giye instances, and express the changes by equations. 

8. How is chromic anhydride prepared ? 

9. Giye instances of the oxidizing action of chromic acid. Express the changes 

by symbolic equations. 

10. What is the composition of potassium cbrome alum ? State shortly by what 

processes it is prepared from chrome iron ore, 

11. You haye given to you oxalic, hydrochloric, and concentrated sulphuric acids, 

dipotassic dichromate and water. State how you would prepare OO2) O, or 
01 gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates. Give several 

instances, and express the changes by equations. 

13. Describe some of the most characteristic reactions for chromic acid produced 

by double decomposition. Give equations. 

14. How would you distinguish between chromic oxide and chromic acid occur- 

ring in one and the same solution ? 

15. Which chromates are soluble and which are insoluble in water ? 

16. What evidence is there for the existence of perchromic acid ? 

17. How can we test for mere traces of hydric peroxide P 

18. Calculate the percentage composition of potassium chrome alum containing 

24) molecules of water of crystallisation. 

19. How can Or be separated from eve^ other metal of Group III, except Mn ? 

20. How can OrsOa be separated from Fe", Zn", Mn", Ni", Co" salts ? 

21. 1*600 grm. of chrome iron ore yielded 2*95 grms. of CrOaPbo". What per- 

centage of Cr does the ore contain, and how much dipotassic dichromate 
can be manufactured from one ton of the ore ? 

22. 1*2 erm. of a sample of sodic chromate yielded with oxalic add *89 grm. 

of carbonic anhydride. What percentage of chromic anhydride did it 
contain? 



ALUMINIUM, Al" and »^. Atomic Weight, 27*5.— One of 
the metallic elements which occurs most abundantly in nature, both 
in the form of the OXIDB, and, as an important constituent of many 
minerals, in combination with silica, with sulphueic, phosphoric, 
and other acids ; and in the form of fluoride in cryolite, and the 
rare topaz. Foi* a list of some of the more interesting aluminic 
compounds the student is referred to Erankland's " Lecture Notes," 
vol. I, page 179. 

REACTIONS IN THE DRY WAY. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful sky-blue colour, 
after being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt — cobaltous aluminate. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as FCsOs, 
MnO, &c., are present, in which case recourse must be had to the 
examination in the wet way, in order to discover AI2OS. 
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REACTIONS IN THE WET WAT. 

We employ a solution of ammonium alum, SiOgAinoaAljO^ = 

SiOsCOAmjiCOeAl,)^, in which Al plays the part of a tetrad 

f 'AV'Cl 
(psendo- triad) element, or of aluminic chloride, < » Ai"'rip 

SAm2 gives a white gelatinoua precipitate of ftluinlnle taydrftte, 
AlsHoe, sulphuretted hydrogen being evolved, thus : — 

SiOsAmojAl^o^ + 3SAmj -h 60H, = AljHoe -h 4SO,Amo, 

+ 3SHj. 

KHo or NaHo* precipitates the hydrate, readily soluble in ex- 
cess, forming a qaasi-saline compound, Sodlc Alamlnate, Al^Naoe, 
which is reprecipitated by excess of AmCl, or by AmHo, after 
neutralisation of the alkali by hydrochloric acid. The alkaline 
solution is not precipitated by SAmj (method of separation of Al 
FROM Fe»^). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

OONaos or OOAmos precipitates basic carbonate of uncertain compo- 
sition. 

OOBao" completely, but slowly, precipitates AlaHoe, even in the 
cold, mixed with basic salt. Carbonic anhydride escapes. 

POHoNaos gives a bulky white precipitate of alamlnlc phosphate, 
P30jAl20^, insoluble in AmHo and AmCl; solable in KHo or NaHo, 
like the hydrate (AmCl reprecipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction of 
AlsOs FROM Aluminic Phosphate). Alkaline acetates precipitate 
Pj02Al20'^ from its solution in mineral acids. The presence of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate (e.g., in the mineral loavellite, 
P4O{Al2O5)**Alj0^2l2OH^, it is best to rase the finely powdered mineral with 
li part of finely divided SiOs and 6 parts of OONao^, in a platinum crucible, for 
about half an hour. The mass is digested for some time with water, and 
OOHoAmo added in excess ; it is then filtered and washed. The residue consists 
of aluminic and sodic silicate, the solution contains the sodic phosphate. 
Dissolye the residue in dilute hydrochloric acid, and evaporate to dryness to 
separate the siUca, and filter. The filtrate may be tested for Al in the usual 
way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with SOaHoKo, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
chloric acid. 

• Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared from sodium) for the separation of 
Fe and Al. It must likewise be recollected that NaHo acts destructively upon 
porcelain and glafis vessels; the precipitate should, therefore, not be heated 
longer than is necessary for its complete precipitation. 
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Powder up some porcelain very Ihiely, and fuse for half an hour in a platinum 
crucible, with four times it wapkt oi fusion mixture. Extract with water. 
Transfer both the soluble and iatoluble portion — oonwisting of alkaline aluminate 
— to a porcelain dish, acidulate with hydrochloric acid, and eraporate to dryness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble SiOj well with hot water. The filtrate contains the 
aluminium as Al^Cl^, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated with potas- 
sic or sodic silicate, as vol felspar (dipotassic alnminic hexasilicate), 
SieOsKoaAlsO^, and albite, Si«08Na02Al20^. In order to test for 
potassium and sodium, alkali salts must, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely -powdered felspar into a platinum cruciUe 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the chimney. HF attacks the SiO^, forming 
silicic fluoride, SiF4 — a yolatile compound — and leaves the aluminium and 
potaisium behind as fluorides readily soluble in dilute hydiodiloric aeid : — 

SleOgKosAljO^* + 32HF = 6SiF4 + 2KF + AlaFg + 160H«. 

The decomposition is generally only completed after two or three eyaporations 
with HP. 

QUESTIONS AND EXERCISES. 

1. Enumerate some of the more important aluminium minerals ; gire constitu- 

tional and graphic formulae. 

2. How is AI2O3 detected in the dry way ? 

3. Give equations for the reactions of aluminium in the wet way. 

4. How is wavellite examined for alumina ? 

6. How can insoluble aluminium minerals be rendered soluble in water or 
acids? 

6. Explain the action of HF upon feUpctr and albite. 

7. How can Al^Oa be separated from Fe^Os ^ 

8. How is AI2O3 separated from Fe", Zn", Mn", Ni", Co" con^unds.P 

9. Calculate the percentage composition of felspar. 
10. How can AI2O3 be distinguished irom. PaOjAlao^* ? 

The separation of the metals of Oroup III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, PeS. 
2nd. Hydrates, viz., Cr^Hoe, AljHoe, and 
3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAraj 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce in a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 

* For the preparation of this reagent see App^idix. 
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(especially on digesting for some time at a gentle heat), showing 
the presence of phosphoric acid. If no precipitate is obtained, the 
solntion need only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr. 
I. Phosphoric acid Is absent. — This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

It would appear at first sight that the deportment of the five sulphides and 
two hydrates with ammonic chloride and amnionic hydrate, sodic or potassic 
hydrate, or dilute acids {e.g.y HCl), would enable us to separate the members 
of this group, or seyeral of them, from each other. We have seen, for example, 
that — 

1st. Ni, COy Mn, Zn are not precipitated hy AmHo from a hot solution con- 
taining large excess of AmCl; whilst Fe^Hoe.Or^Hoe, and Al^Hoe a/re precipi- 
tated. It has, however, been found that the mode of separation based upon this 
solvent property of ammonic chloride, gives but imperfect results, since the 
Fe^Hoe carries down varying quantities of other oxides, especially on exposure of 
the solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and 
Zn are thus frequently overlotked altogether. It is only by redissolving the 
precipitate and reprecipitating several times over with AmOl and AmHo, as long 
as the ammoniacal filtrate gives a precipitate with sulphuretted hydrogen, that 
iron can be separated from manganese, etc., in this manner. 

With these precautions, however, it is mostly possible to separate the metals 
of this group from each other by first precipitating ferric, chromic, and aluminic 
hydrates by means of AmCl and AmHo, and then, from the filtrate, the sulphides 
of Ni, Co, Mn, and Zn by means of SHj or SAmj ; and the following method 
of separation may be consulted with advantage by beginners, as well as the more 
accurate, but more tedious one, of separation by OOBao" (see Table, p. 60). 

2nd. That Zn, Al, and Cr are precipitated hy KHo or NaHo, hut a>re soluhle 
in excess, whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkaline 
hydrates. But it has been found that Pe2Ho5, NiHoj, O0H02, MnHog cany 
down appreciable quantities of ZnHo2 and — more especially the Fe^Hoe precipi- 
tate — of OroHog, and that a complete separation cannot be effected by precipitation 
with KHo or NaHo. 

3rd. Cold dilute hydrochloric acid does not dissolve OoS or NiS to any great 
extent, hut dissolves the other sulphides and hydrates. ITiis method, if practised 
with care, gives good results, small traces only of CoS and NiS being generally 
dissolved out. But as it leaves the iron, aluminium, and chromium still to be 
separated from manganese and zinc, no saving of labour is eflfected thereby in the 
separation of these seven metals. 

In finely divided freshly precipitated baric cmrbonAt«, COBao", 
we possess a reagent which separates the lower oxides, viz. , ZnO, MllO, 
NiO, CoO (this latter not quite so perfectly, except in the presence 
of much ammonic chloride), from the higher oxides, viz., FOjOs, 
A1203, and CrjOa. The raetels should be first obtained as chlo- 
rides. 

The examination of the precipitate produced by COBao" is based 
upon — 

1st. The solubility of Al2Ho6 in NaHo. 

2nd. The conversion of Cr203 i/nto CrOs hy fusion with soddc ccur- 
honate and nitre, or hy hoiling with GlNao, or with PbOa in air 
alkalvne solution. 
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EXERCISES ON GROUP IIIa. 



The examination o£ the filtrate is based upon 



1st. The solubility of ZnHo? in sodic hydrate. 
2nd. „ MnS in acetic acid. 

3rd. The formation of soluble KeCoaCy^ and the jprecipitation of 
Ni as black NigHoe by ClNao, or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 

PRACTICAL EXERCISES* ON GROUPS IIIa, IV and V. 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining '500 grm. of Fe, '050 grm. of Mn, and '050 grm. of Al. 

2. A solution of S02Nio" and NJO4C00", containing '050 grm. of Ni and '010 

grm. of Co. 

3. A mixture of the solid salts : zinc white, green vitriol and potassium alum ; 

both in the dry and in the wet way. 

4. A solution of S02Zno" and potassium chrome alum, containing "500 grm. of 

Crand 'OSOof Zn. 

5. A mixture of potassium chrome alum and green yitriol (about '050 grm.), in 

the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and zincic oxide, con- 

taining '050 grm. of Fe^Os '010 grm. of MnO^ and *100 grm. of ZnO; to 
be examined in the dry way only. 

7. A sample of dolomite, for Fe" (Mn) Ca and Mg. 

8. A sample of calc spar, for Fe" and Mg. 

9. Samples of iron ores, e.y., red hcBmatite, brown hamatite, magnetic iron ore, 

martial pyrites, to be examined for water and sulphur only. 

10. A sample of calamine, in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry way only. 

12. A sample of magnetic iron ore for Fe", in the wet way. 

Tabulate the reactions produced by AmCl and AmHo, NaHo or SAm^ with 
the members of Group IIIa, according to the following scheme : — 



Reagent. 


AI2O3. 


CrjOa- 


FejOa. 


ZnO. 


DCnO. 


NiO. 


CoO. 


AmCl, 


A white gelatin- 














and 
AmHo. 


ous precipitate 
of AI2H06, 
slightly soluble 
in excess, re- 
















precipitated on 
boihng. 


1 
1 

1 










NaHo. 


Ditto, soluble 


1 1 
«' 1 1 










m excess. 




! 

i 

i 








SAmg. 


A white gelatin- 
ous precipitate 
of AI2H06, in- 
soluble in ex- 
cess. 




1 

1 
i 

1 









* These exercises may of course be yaried, and should be looked upon merely 
as indicative of the course to be pursued. 
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with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Phosphoric Acid Is present. — The original snbstance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCI and AmHo* produce a pre- 
cipitate, before SAm2 is added ; the precipitate may possibly consist 
of NiS, Cos, MnS, ZnS, FeS, MHoj, CrjHoe, as well as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that amnionic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAm2 — AmCl and AmHo precipitate these phosphates 
without decomposition — which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
salixxe mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao'',P203Cao"a 
and PjOgFejO^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding Am CI and AmHo, a yellowish- white 
precipitate of P202Fe20^ and P202Cao"3 is obtained, whilst BaCU is 
not precipitated. On adding, however, the Am CI and AmHo, as 
well as the SAmj, to the solution, P302Fe20^ is decomposed into FeS 
and POAmos, which latter, by agting upon the BaCl2, would pre- 
cipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered off and SAm2 added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish and boiled with a little SAm2, which decomposes the 
metallic phosphates (possibly also some Fe2Ho6), leaving the phos- 
phates of the earths and alkaline earthy bases (if any) as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water (to which a little SAm2 has 
been added to prevent the oxidation of FeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of AmCl, AmHo and S02Mgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, m combination with the inetals predpitable as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), Al, Ba, Sr, Ca, Mg need be looked for, and the solution may 
be examined at once according to Table IIIa. A yellow precipitate 
indicates thai phosphates of the eartlis or alkaline earthy bases, or of 
both, are present, in addition to the metallic phosphates already, 
tested for. 

• If AmCl and AmHo should give no precipitate, it is obvious that no phos- 
phates and no Fc, Al and Cr need be looked for. 
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Add Amd in considerable excess ; heat gently, and then add AmHo drop bj 
the form of Fe*^.) Filter qnicklj, and wash with hot water. Beserve the 
dflute HCl on the filter. Collect the acid solution in another beaker, and 
good SHj water produces any precipitate in the filtrate. Mix now the 



SoLFTioir. — Pass a current of SHj through the solution, and filter off ZnS, 

XnS, NiS, CoS. Wash off the filter, and redissolve the precipitate in 

f OCl 
dilute HCl, with the addition of a few small crystals of •< q;^. -^^^ 

KaHo in excess, boil, and filter. 



The SoLUTioir may 
contain Zn, as 
ZnNaos- Add 
SHj. White 

precipitate of 
ZnS. 

Pretcacc of Zn. 



The Pbecipitatb may contain lEnHos, O0H03, and 
ll'iHo2. Wash, dissolve in a little dilute HCl ; nearly 

neutralize with AmHo; add excess of ■{ Qr\\ _ ; pass 

a rapid current of SHj for sereral minutes through the 
solution, and filter. 



The Solution 
contains the 
manganese as 
acetate. 

Add AmCl,AmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh - coloured 
precipitate of 
MnS. 

Presenee of Hb. 



in 



HCl and 
neutralize with 



BssLDUB. — Dissolve 

roci , 

1 oKo ' ''^^'^y 

OONao2; add a weak solution of 
KCy, BO as just to redissolve the 
precipitate first produced. Soil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of ClNao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 



Pbecipitatb con- 
sists of Ni^Hof. 
Filter off and 
confirm by heat- 
ing a small por- 
tion of it on a 
borax - bead be- 
fore the blow- 
pipe flame. 

A yellowish to 
sherry-red bead. 

Fre^ence of Til. 



The Solution con- 
tains the cobalt 
as KgCojCyij. 
Evaporate to 
dryness, and test 
a little of the 
residue before 
the blowpipe 
flame on a borax 
bead. 

A blue bead in 
both flames. 

Pretence of Co. 



55 



MEANS OF AmCl AND AmHo, AND BY MEANS OF SAm» 



drop as long as a precipitate comes down. (The iron must be present in 
ammoniacal filtrate. Bedissolve the precipitate by treating it with hot 
r^eat in like manner the precipitation with AmCl and AmHo, as long as 
different anmioniacal filtrates with the main filtrate. 



The Pbegifitate consists of FesHos, OrsHog, and AIjHoq. Dissolve in 
dilute HOI, add a solution of NaHo (free from alumina) in excess, and boil 
for some time. Filter off. 



Fbeoipitatb. — ^Drj and fuse, with fusion mixture 
and NOjKo on platinum foil. Dissolve in hot 
water, and filter. 



Besidue. — Diseolye in di- 
lute HOI, and add 
K4FeCy8. 

A precipitate of Prussian 
blue. 

Presenee of Fe. 

Test the original HCl 
solution specially for 
Fe" and Fe*^ by means 
of UiLjOgXcj in a 
highly dilute solution, 
as well as by means of 
K^¥eOj^ KfiFe2Cyi2, 
or Cyibns. 



SoLTTTiON, yellow. Con 
firm by adding j 2^^^ 

aBd({g^«)2Pbo". 

Yellow precipitate of 
OrOaPbo" 



.// 



• Frctenee of €r. 

Note. — ^Traces of man- 
ganese — owing to imper- 
fect separation of Mn 
from Fe bv precipitation 
with AmCl and AmHo — 
are indicated by the 
hluish-green colour of the 
fused mass arising from 
the formation of an alka- 
hne manganate, and after 
dissolving in water, by the 
purplish-red colour of the 
alkaline permanganate. 



Solution. — Acidulate 
with dilute HCl, and 
add AmHo in slight 
excess. 

White gelatinous pre- 
cipitate. 

Preaenee of Al. 

Note. — If no sodic hy- 
drate f^ from alumina 
can be obtained, it is ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HCl and 
adding a slight excess of 
AmHo, and then com- 
paring the Al^Hog thus 
precipitated with the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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If so, add to the rest of the solution CON'ao2, till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
ascetic acid : P202Fe20^ (as well as P202Cr20^ and P202Al20^, if 
present), are precipitated. Any phosphates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 
tion, are held in solution by the acetic acid. To the filtrate add 
Fe2Cl6, drop by drop, as long as a precipitatef is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202Fe30'^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Ca 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of Fe2Cl6 added). The whole of the phos- 
phoric acid having thus been removed, the precipitate produced by 
AmCl, AmHo and SAm2 is examined according to Table IIIa. The 
alkaline earthy metals are separated according to Tables IV and V. 
It should be borne in mind that these metals can have been present 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Group III, but should be examined separately. 

It may be of interest, occasionaUy, to ascertain, whether any oxalates of Ba, 
Sr and Ca (which are destroyed by eyaporation with nitric acid and ignition, 
before proceeding to Qroup III), were present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AmCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also gelatinous silica. The oxalates are decomposed by gently igniting the preci- 
pitate, and are converted into carbonates. The ignited mass effervesces strongly 
on extracting vrith dilute hydrochloric acid. When the solution is evaporated to 
dryness and again taken up with dilute HCl, the silica, if present, is rendered 
insoluble, and may be separated by filtration. To the acid solution, which may 
possibly contain phosphates of Mg, Ca, Sr and Ba, as well as chlorides of the 
bases, present before ignition as oxalates, add AmCl and AmHo and filter 
off. The filtrate contains the chlorides of Ba, Sr and Ca and is tested separately 
according to Table lY. All bases so discoyebed must hayb been fbbsent 

OBIGINALLY AS OXALATES. 

We may, then, sum by stating that the separation of the 

METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IIIb is 

based upon : — 

1st. The insolubility of the 'phosphates of Fe, Al (and Cr) in acetic 

add, in the presence of an alkali/ne acetate. 
2nd. The s&paratum of the whole of the phosphoric acid which is in 

combination with the alkaline earthy bases^ by means of FCaCle, 

in an acetic solution, 

• For the preparation of this reagent see Appendix. 

t If any phosphates of the alkahne earthy bases be left, FosOle should pro- 
duce a yellovrish- white precipitate when addea to a portion of the acetic acid 
solution, if not, no ferric salt need be added to the main portion of the filtrate. 
(The presence of iron, other than phosphate, is generally indicated by the reddish 
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the 
metals of the alkaline earths, vrill still have to be looked for in the filtrate. 
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All other operations are identical with those described in Tables 
IIIa, IV and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Group Ills. 

QUESTIONS AND PRACTICAL EXERCISES ON GROUP IIIb. 

1. A hydrochloric acid solution, containing common sodic phosphate, ferric 

cnloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickelous 

siQphate, cobaltous nitrate, zincic sulphate, and ferric chloride. 

3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

5. A mixture containing little ferric oxide and much magnesite (or magnesia 

alba) and hone-ash. 

6. A hydrochloric acid solution of conmion alum and hjdric disodic phosphate. 

7. How would jou recognise alumina in the presence of aluminic phosphate ? 

8. Given a reddish-coloured solution (owing to the presence of ferric sidts) , 

which gives a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, leaving the solution still coloured. What inference 
is to be drawn from this observation ? 

9. A solution contains chromic chloride, chromic phosphate, and* dipotassic 

dichromate. State how jou would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would jou infer if the filtrate were colourless, 
but gave no further precipitate on the addition of FejClg ? 

11. You have a solution given to you which gives a precipitate with AmCl and 

AmHo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAm2 ? 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish pre- 
cipitate appears. Explain what takes place, Ist. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in the cold, to another portion. 8rd. When the pre- 
cipitate is filtered and treated with excess of the hydric disodic phosphate, 
in the presence of ammonia. 



Chapter V. 
REACTIONS OF THE METALS OF GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (GOLD and PLATINUM), which are 

precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

Mix together solutions of NaOgBio"', H8OI2, SOsCuo", OdCla, ABgO, 
(dissolved in HCl), N204Pbo", SbCla, SnCla, and SnCl4, and pass a current of 



* The examination of Ghroup IIIb^ containing phosphates, may bo deferred 
until the student has become acquainted with the reactions for acids. 
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SHs, wiihout first filtering off the white precipitate which is produced. Filter ; 
pass the gas again through the clear filtrate, to make sure that the metals have 
been entirely precipitated. Wash the precipitate with hot water j remove a por- 
tion from the filter ; boil with a Uttle yeUowammonic sulphide, and filter off. A 
black residue is left, consisting of HerS, PbS, BisSs, OiiS, OdS. The solution 
contains A82S3,Sb2S8,SnS and SzlSj. This can be shown by acidulating wilh 
dilute hydroclUoric acid, when a yellow precipitate comes down — because yellow 
ammonic sulphide conyerts SnS into SnSj — consisting of the sulphides of As, 
Sb, Sn. 

This shows that we can divide Group II hy means of armnonic 
sulphide^ into two portions. 

The name sulphide^ in its widest aense, is given to all compounds 
into which snlphnr enters as the electronegative element. A re- 
markable analogy is observable between oxides and sulphides. 
There is a certain class of sulphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Sulphides 
are therefore divided into sulpho-hases and stUpho-adds, To the 
latter belong the sulphides of H, As, Sn, Sb (Pt, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (K, Na, Am, Ba, Ca, etc.). An electro- 
positive element, which forms with oxygen au oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sulphide, in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have — 



OKs 

OAm^ 

ONU3 

BaO 

OaO 

PeO 

ZnO 



ASgOs 

AB2O5 
SbaOs 
SbsOj 
SnOs 



Oxy-hctses, 
Potassa, alkaline and soluble. 






Ammonia „ 
Soda „ 

Baryta „ 
Lime „ „ 

Ferrous oxide, no reaction, 

insoluble. 
Zincic 



» 



>» 



Oxy-anhydHdes. 
Arsenious anhydride. 



>» 



Arsonrc 
Antimonious „ 
Antimonic 
Stannic 



>> 



» 



Oxy-acids, 

AbHo3 Arsenious acid. 
A8OHO3 Arsenic acid. 
SbHog Antimonious add. 



Sulpho-bases. 

6K3 Potassic sulphide, alkaline and 

soluble. 
SAm^ Ammonic 
SNaj Sodic 



»» 



»» 



BaS 

OaS 

FeS 



Baric 
Calcic 
Ferrous 



ZnS Zincic 



ft 



jf 



it 



»> 



no reaction, 
insoluble. 



if 



Sulpho-anhydrides, 

AbsSs Arsenious sulphide, or sul- 

pharsenious anhydride. 
A$^5 Arsenic sulphide, <>t sulphar- 

senic anhydride. 
SbgSs Antimonious sulphide, or sul- 

phantimonious anhydride. 
SbjSf Antimonic sulphide, or sul- 

phantimonic anhydride. 
SnSj Stannic sulphide, or ftulpho- 

stannic aiihydride. 

Sulpho-ctcids, 

AsHss Sulpharsenious acid. 
AsSJ^ Sulpharsenic acid. 
SbHsg Sulphantimonious acid. 
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Oxy-acids. Sulpho-acids. 

SbOHos Antimonic acid. SbSHsj Sulphantimonic aoid. 

SbOgHo Metantimonic acid. SbSjHB Sulphometantimonic acid. 

SnHo4 Stannic acid. SnHsi Sulphostannic acid. 

SuhphO'Salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided into normal sulphides, 
such as SK2, SAm2, SNa2, BaS; into sulphhydrates (acid sul- 
phides), such as SKH, SAmH, BaHs^ ; and poly sulphides , such as 
S2H2, S5K2, S5Am2. The aqueous solutions of the normal and acid 
sulphides are colourless, and give off SH3 when treated with dilute 
hydrochloric acid, without separation of sulphur. Solutions of the 
polysulphides are yellow, or yellowish-brown, and when treated 
with hydrochloric acid, give off sulphuretted hydrogen, with aepam- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of oxy-acids, and they are far less 
stable than ordinary oxy-salts. This arises from the fact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon— non-metallic elements, which are endowed with a 
powerful chemical affinity for oxygen, with which they form in the 
presence of water energetic oxy-acids — and that there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaline reaction ; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the corresponding oxy-salts : — 

Oxy-salts. Sulpho-salts. 

SnNaos Bisodic stannite. SnNaSs Disulphosodic sulphostannite. 

SnONaos Bisodic stannate. SnSNass Disulphosodic sulphostannate. 

A8K03 Tripotassic arsenite. AbKs3 Trisulphopotassic sulpharse* 

nite. 
ABONaoa Trisodic arsenate. ABSNasg Trisulphosodic sulpharsenate. 

SbOKo Fotassic metantimonite. SbSKs Sulphopotassic metasulphanti- 

monite. 
SbOsKo Fotassic mefcantimonate. SbS^Ks Sulphopotassic metasulphanti- 

monate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occu- 
pies the place of the compound radical Nao, sodoxyl. In like 
manner 

Ks Potassiumsulphyl occupies the place of Ko Potassoxyl. 
Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Calciumoxyl, 

in the analogous sulpho-salts. 
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Instances of some interesting natural salplio- salts, to be con- 
sidered more fnlly under silver and lead, are : — 

AsAgss tnsulpliargentie sulphanenite (pnmstUe). 

SbAgBj tnsulpluu^ntic orthosulphantiinoiiite {pyrargyrite or dark red 
tilver ore). 

Sb3S''(OusFeS^3)''3 sulphocuproeo ferrous pyrosulphantimonite (fakl are). 

SbjPWs trisiilphoplumbic orthosulphantimoiiite {houlangerite) . 

Sb3Pbe''s(Cii3S^'' disnlphopliunbio sulphocuprous orthosulpliAntiinonite 
Q>oumanUe). 

Sbfi^het'^^he^"^ trisulphopliunbic metasulphantiiiioiiite* (jametomite). 

TreaX, another portion of the aboTe SH3 precipitate with NaHo or KHo and 
filter off. A black residue is likewise left, and on adding dilute HCl to the 
filtrate, As^S^, SbjSs, SnS and SnS] are reprecipitated. 

This shows that the hydrates of the alkali metals dissolve a for- 
tion of the sulphides precipitated by SHt in Group IL The following 
equations explain the action of the alkaline hydrates : — 

SbjSs + 6KH0 = SbKsa + SbKo, + 30H,. 

Antimonious Trisulphopotassic Tripotassic 

sulphide. sulphan timonite. antimonite. 

ASsS, + 4KHo = AsHsKs, + AsHoKo, + OH,. 

Arsenious Sulphhjdric Hjdric dipotassic 

sulphide. disulphopotassic arsenite. 

sulpharsenite. 

2SnS + 4KHo = SnKs, + SnKo, + 20H,. 

Stannous Disulphopotassic Dipotassic 

sulphide. sulphostannite. stannite. 

2SnS3+ 4NaHo = SnSNas, + SnONao, + OH, -h SH,. 

Stannic Disulphosodic Disodic 

sulphide. sulphostannate stannate. 

Addition of hydrochloric acid reprecipitates the sulphides, thus : — 

SbKs, + SbKo, + 6HC1 = SbaS, -h 6KC1 + 30H,. 

Hence the metals which are precipitated by SH, in Group II 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides act as stdpho-bases, viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-adds, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 

Group II. Subdivision A. 

1. Mercury. Hg". Atomic weight, 200. — Occurs native, but 
is chiefly obtained from cinnahar or mercuric sulphide, HgS. 

* This compound maj also be viewed as Sb,S,Fb8'' (sulphoplumbic metasulph- 
antimonite) and SbjSFbs'^, (sulphoplumbic pyrosulphantimonite). 
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EXAMINATION IN THE DRY WAY. 

Add a little finely-divided lead or zinc to a few globules of mercury on a 
watch-glass. The liquid metal mercury becomes thick and pasty by the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an amalgam. Other metals combine with mercury 
only when heated. 

The term amalgam is applied to the combinations into which 
mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called amalgamation process. 
Mercury can be separated again by distillation, gold and silver 
being left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely-divided condition, or in 
• the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some cinnabar in a small flask with narrow neck, loosely closed with a 
piece of charcoal. H^S subUmes without undergoing any chemical change. 

Heat a little cinnabar in a piece of glass tube open at both ends, and allow a 
current of air to pass oyer it. Hg is seen to condense in the form of a metallic 
mirror towards the further end of the tube, and SOj makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test-tube. MetalUc mercury sublimes and sulphurous anhydride is 
given off, according to the equation : — 

HffS + 2HfirO » Hg3 -H SO3. 

Introduce some cinndbar into a small tubulated retort connected with a two- 
necked receiver and gas delivery -tube, and pass through the tubulus of the retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing over the H^S indicates that combustion takes place. Mercury distils 
and condenses partly in the neck of the retort and partly in the receiver. Sul- 
phurous anhydride issues firom the delivery-tube and is readily recognised by its 
pungent odour ; or it may be passed into water, and the solution tested with 
litmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cinnabar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

HgS (as well as SAga, AU2S3, PtSa) parts with its sulphur 
when roasted in the air, and yields the metal: it is in fact reduced 
to the metallic state hy oxygen^ owing to the weak aflinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAg2) first formed gives up its oxygen again to a fresh 
quantity of HgS (or SAgj). 
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Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
higli temperature, forming with the sulphur SH2, CS2 (carbon 
disnlphide), CuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry 00Na02, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the siQphur is fixed by the alkali metal. 

Mercury salts, "when heated by themselves, out of contact with 
the air, volatilise or sublime, either without decomposition, such 
as Hg6r2, HgCl2, Hg2Cl2 (without undergoing previous fusion), 
Hgl2, HgS ; or they are decomposed into oxide or metal. Salts of 
mercury with fixed acids (P2O5, CrOs, etc.), leave fixed residues of 
acid or oxide (Cr203). 

REACTIONS m THE WET WAY. 

Mercury forms two series of salts : mereuroiis Mid mercurte salts. 

It dissolves readily in nitric acid, even in the cold, forming mer- 
curous nitrate, if the mercury be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition — 

j^Q^HgaO and j^Q^^Hgo . 

Mercurous Mercuric 

nitrate. nitrate. 

Mercurous salts contain HgaO mercuric salts, HgO. 

Mercurous oxide. Mercuric oxide. 

The oxygen atom being in the one case linked to two atoms of 
the dyad mercury, thus, < Wtf/^' *^® mercury atoms being held 

together by one of their bonds, as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : — Hg=0. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mercurous salts powerful reducing agents. 

On account of the insoluble chloride which Hg^' forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, we can either 

NO 
employ A solution of mercuric nitrate, j^Q^Hgo", or mercuric 

CHLORIDE, HgCl2 (corrosive sublimate), 

SHs (sroup-reasent) added to HgCl2 gives a black precipitate 
of merenrie sulphiOe, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHg, a yellow precipitate which passes through 
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dirty yellow to hrown, and becomes black only when excess of SHj 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of EtgS and HgCl2. 

fHgCi 
It may be represented by the formulae S" (dlmereiirie solpliodl- 

LHgOI 
chloride). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide ; 
soluble, however, in aqua regia and in potassic or sodic sulphide in 
the presence of sodic hydrate, bat insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2HgS + NaOiHgo". 

SAma gives the same precipitate. 

NaHo or KHo added in excess produces a ydlow precipitate of 
mercnrte oxide, HgO, insoluble in excess. 

AmTTo produces a white precipitate of meremric salt and mercu- 
ramlde, known as "the white precipitate.^* 

N"'aH4Hg" + HgClz = 2(NHaHg"Cl). 

Mercurammonio 
chloride. 

CONao2 or COKoj gives a reddish-hrown basic precipitate. 

KI gives a bright red precipitate of mercurie Iodide, Hgl^, 
soluble either in excess of potassic iodide or of the mercuric salt. 

KOy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of merciuic cyanide, HgCya, soluble in excess ; not decom- 
posed by boiling with alkalies or alkaline carbonates, but only by 
SH2. 

Mercuric salts are readily reduced to mercurous salts : — 

S11CI2 (stannous chloride) gives with mercuric salts a white pre- 
cipitate of mercurous chloride, HgaCUj which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing ofE the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in Httle globules. 

NO 
SOgFeo'' (ferrous sulphate) reduces ^TQ^Hgo", but not HgCls, 

to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

If a strip of bright metallic copper be employed, a silvery-white deposit of 
metallic Hg is obtained, which, when gently rubbed, shows a bright metallic 
lustre, and gives, after drying and heating in a dry and narrow test-tube, a sub- 
limate of metallic mercury. 

Mercuric salts act the part of oxidizing agents ; they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AND EXERCISES. 

1. What is understood by the terms sulpho-haaej aulpho-acid, sulpho-salt ? 

2. Define normal sulphides, sulphhydrates, and polysulphides, and state how 

they can be distinguished by treatment with HCl ? 
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3. Give instances of sulpho-salts together with the corresponding oxy-salts. 

4. Write out the graphic formulsB of a few sulpho-salts and of the minerals 

boulangeritej jamesonitey fahl ore, 
6. Which metals form sulphides capable of acting as sulpho-acids, and which 
form sulphides capable of plajing the part of bases ? 

6. Write out the formulae, both symbolic and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

1st, with SAm^, 2nd with NaUo ? Express the changes by equations. 

8. Give the graphic formulae of cinnabar, dimercuric sulphiMlichloride, of white 

precipitate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

gives with the group and special reagents. 

10. Calculate the percentage composition oi white precipitate, 

11. How much metallic copper will hare to be dissolved, in order to precipitate 

2 grms. of Hg from a solution of mercuric chloride ? 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Give proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 
18. How is corrosive sublimate manu&ctured, and whence does it derive its 
name? 

14. 1*5 grm. of HerCl2 is precipitated as HgrS and collected on a weighed filter. 

How much by weight of HgrS should there be obtained ? 

15. Cinnabar is sometimes foimd adulterated with red-lead, red oxide of iron, 

brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities from each other is required.) 

16. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutive stages is the product of this reaction 

converted into white precipitate ? 
17> How much metallic mercury will 100 lb. of cinnabar yield when distilled 

with lime ? 
18. What is the percentage composition of an amalgam containing Sn4Hg ? 



2. LEAD, Pb" and *^. Atomic weight, 20?. —Only a slight pre- 
cipitate of PbS is for the most part obtained in Group II, since the 
greater part of the lead is removed in Group I as PbC]2. It happens 
frequently that this small quantity of lead is not precipitated by SHj, 
on account of the solution being too acid (HCl), or too concentratred, 
in which case a little lead is found in Group III, and is often mistaken 
for some other metal. It is necessary, therefore, to dilute a portion 
of the filtrate from Group II considerably and to pass a current of 
8H2 through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pre- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 



3. BISMUTH; Bi'" and ^. Atomic weight, 208.— This metal 
is principally found native ; also in combination with oxygen and 
sulphur, as bismuth ochre, BifOs, from the decomposition of bismuth 
glance, 131288, and in the form of sulpho-salts, as kobellite, Bi2Pbs"s 
(trisulphoplumbic orthosulpho-bismuthite), and as needle ore, 
Bi2Pbs"2( Cu'jS2)", disulphoplumbo-cuprous orthosulpho-bismuthite. 



BISMUTH. (>5 

EXAMINATION IN THE DRY WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oranire-yellow, while hot, lemon-yellow, when 
cold, passing at the edges into a blutsh-white. The incrustation can 
be driven from place to place by either flame, without colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi203 gives beads which are yellowish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CO]Srao2, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver Beads.) The incrustation is yellow, 

EXAMINATION IN THE WET WAY. 

Bismuth dissolves readily in nitric acid, forming NaOeBio'". A 

SOLUTION OP THIS SALT IS CONVENIENTLY EMPLOYED. 

SHj (trroup-reasent) gives a brownish-black precipitate of 
bismutlious sulphide, Bi2S3, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline sulphides give the same precipitate. 

KHo, NaHo and AmHo produce a white precipitate of bismnthons 
hydrate, BiHos, insoluble in excess ; on boiling it turns yellow, i.e., 
it becomes anhydrous (BijOs). 

COAmoa or CONaoj throws down a white bulky precipitate of 
basic carbonate (bismuthylic carbonate) (consisting of one mol. of 
carbonate and two of the oxide, CaOaBio'",, 2Bi203) = CO(Bi02)'2, 
graphic formula :— 

0=Bi— 0— C— 0— Bi=0 

II 


in which the compound radical bismuthyl, BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

Cr205Ko2 gives a yellow precipitate of basic chromate (consisting 
of one mol. of bismuthous hexachromate, CreOisBio'"?., and two mol. 

rCr02(Bi02)' 
of bismuthous oxide, 2Bi203) = s readily soluble in 

LCr02(Bi02)' 
dilute nitric acid, insoluble in potassic hydrate. (Distinction from 
Plumbic Chromate.) 

SO2H02 gives no precipitate. (Distinction feom Lead.) 
KI produces a brown precipitate of bismuthous Iodide, Bils, soluble in 
excess. 

KCy produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 

F 
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(BiCla). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilnte hydrochloric acid. Excess of acid should be 
avoided. 

OH2 gives with BiCla a white precipitate of blsmnttaous oxycWo- 
ride (consisting of one mol. of Bi208 and one of BiCla), BiOOl, 
which is almost absolutely insoluble in water, but soluble in hydro- 
chloric acid, from which it is reprecipitated on the addition of 
ammonic or sodic chloride. BiOGl is insoluble in tartaric acid. 
(Distinction feom Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that Bi203 is a very indifferent and weak base. 

There are several other oxides known, e.g.^ blsmuthlc oxide or 
anhydride, Bi206, which parts readily with two atoms of oxygen, 
when heated or acted upon by reducing agents. 

QUESTIONS AND EXERCISES. 

1. How can Bi be separated from Ag, Pb, or Hg ? 

2. Express in symbolic equations the reactions which a bismutboui^salt gives 

with different reagents in the wet way. 

3. Give the graphic formulse for bismuthous nitrate, bismuthous oxide, hisn^th 

gltmce, bismuthous oxjchloride. 

4. Calculate the percentage composition of an alloy of .1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 

5. 1*245 grm. of BisOg are obtained from 10 c.c. of a solution of normal hie- 

muthous nitrate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 



4. COPPER, Cu". Atomic weight, 63-6.— This metal is found 
native ; also in combination with oxtgen and sulphur, as red copper 
ore or ruby ore, CU2O, as vitreous copper or copper glomce, CU2S, and 
indigo copper or Hue copper, CuS ; more frequently as copper pyrites, 

Fe2S3,CU2S = < p Q (CU2S2)", (diferric cuprous tetrasulphide), 

r F6 

and variegated copper or horseflesh ore, Pe2S3,3Cu8S ="{51^ (Cu2S2)"3, 

(diferric tricuprous hexasulphide) ; also as fahl ore, houmonite, etc. ; 
in combination with carbonic acid, as basic carbonate, malachite, 
CO(OCuHo)'2, and azurite, mou/rdain hlvs, or copper azure, 

CTToPtio" 

CH C ''^^^"5 ynWi sulphuric acid, as blue vitriol, S0aCuo",5OH2; 

with PHOSPHORIC ACID, as j3iAofi2^AorocaZci^, libethenite; with arsbnious 
ACID, as tennantite ; silicic acid, as dioptase, and others. 

examination in the dry way. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
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student to distinguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is trreen whilst 
hot, bine on coolmg. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an intense sreen colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with C0Nao2 and KCy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CuO behind. Malachite or azurite gives 
off" water and carbonic anhydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Oupric phosphate, arsenate, and silicate fase 
to coloured glasses. 

Metallic copper is not affected in dry air at the ordinary temperature, but 
is readily oxidized when heated in air or oxygen and conyerted into black 
cupric oxide. Hydrochloric acid in the presence of air dissolves copper but 
slightly, forming 0112012 ; nitric acid is the most active solvent for copper (as it 
is for Ag, Hg, Pb and Bi), forming cupric nitrate. Sulphuric acid (concen- 
larated) dissolves copper, on heating, with evolution of SO2, and formation of 
SOjCuo". 

SOsHo2 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in preference 
to other methods. 

EXAMINATION IN THE WET WAY. 
A SOLUTION OF CUPRIC SULPHATE, SO2CU0", Or CUPRIC NITRATE, 

NO 

jjQ^Cuo", may conveniently be employed. 

SHs (ffroup-reaffent) gives a hrownish-black precipitate of cupric 
sulphide, CuS, insoluble in dilute acids ; slightly soluble in yellow 
amnionic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides, or caustic alkalies. CuS is rapidly oxidized to SO2CU0' 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAma produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (SsAma). 

NaHo or KHo gives a light-blue precipitate of cupric hydrate, 
CuHoa. The precipitate turns black on boiling and becomes denser. 
Three molecules of CUH02 lose two molecules of OH2 and leave 
3CuO,OH2 (graphicf ormula H— 0— On— 0— Cu— 0— Cu— 0— H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red cuprous oxide. CU2O. 

C0Nao2 produces a greenish-blue basic carbonate, of the com- 
position CO(OCu"Ho)'2, graphic formula = C^z-w^Zp o H» 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3CuO,OH2. It is soluble in 

F 2 
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ammoiiic hydrate to an azare-blae and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or COAino,, when added in small quantities, produces a 
greenish'hlue precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure-hlue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of capirammoiilc 
hydrate, N^2H6Cu''Ho2, and amnionic sulphate, or ammonio-cupric 

r TSTFT "1 

sulphate, symbolic formula, SHo2Amo2 xh'C'i^ | > whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperature. 

KCy gives a greenish-yellow precipitate of cupric cyanide, CuCy2, 
soluble in excess. SH2 produces no precipitate from this solution. 

E^iFeCye gives a reddish-brown precipiiate of cupric ferrocyanlde, 
Cu2FeCy6, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of 8CuO,OH2. Even in very dilute solu- 
tions of copper salts a brownish colour is produced, — ^best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence KiFeCye supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Bright copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Pb, Hg, Ag, 
Au, Pt are also indifferent to dilute hydrochloric or sulphuric add, whilst zinc 
and iron are readily dissolyed with eyolution of hydrogen, the metaU taking the 
place of the hydrogen in two molecules of hydrochloric acid. 

By the aid of voltaic electricity, however, we are enabled to dissolve metals 
in dilute hydrochloric or sulphuric acid, which are either not dissolved at all, 
such as copper, or dissolve only with difficulty, such as the metal tin. This is 
done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fig. 7. 

The negative pole, £, consisting of a platinum 
wire fuised to a strip of platinum foil, dips 
likewise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric-salt, 
^^ _^^^___ and the sheet of metallic copper or the copper 

^Q y^ wire dissolves after some time. Hydrogen is 

evolved at the negative pole. 
This shows that the action of dilute acids upon copper which is nil at the 
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ordinary temperature is very energetic when we call voltaic electricity to our 
aid. 

The reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by voltaic electricity. Hydrogen is obtained at the 
negative and oxygen at the positive electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are evolved at the respective poles. Now, if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
evolved at the positive electrode. If the positive electrode consists, however, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines with these metals, the moment it is Uberated on the positive 
electrode, or as it is termed in its nascent state (in statu nascendt), and hydrogen 
alone is evolved at the negative pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, e.^., cupric sulphate, SO2CU0'', and dip the 
two electrodes into it, we observe at the negative (platinum) electrode instantane- 
ously a red film or deposit of metallic copper, whilst, at the positive electrode, 
consisting of metallic zinc, no evolution of gas is visible, since the zinc is acted 
upon by the acid liberated from the copper, and is converted thereby into 
SOsZno". An equivalent quantity (65 parts by weight) of zinc remains dis- 
solved in the acid for the 63*5 parts by weight of copper, precipitated on the 
platinum foil or crucible-lid. In this manner the amount of copper present in a 
solution may be determined quantitatively. The undissolved zinc and zincic salt 
are removed and the platinum with its deposit of copper dried and weighed. The 
total weight, minus the previous weight of the platinum, gives the weight of the 
metallic copper. 

It will be readily perceived that this and other similar experi- 
ments furnish valuable illustrations of the theory of constant com- 
bining weights, and they acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — ^mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
such as plaster of Paris, gutta-percha, &c. (^electrotype process) , 

Pass a voltaic current through a solution of cupric chloride, CuOlo, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer from this that the copper is trans- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues as long as the positive electrode lasts, 
and the saline solution in the decomposing vessel retains its original strength thus 
fJEir imaltered. 

If a properly prepared mould or matrix of some object be hung in the metaUic 
solution and connected with the negative pole of a voltaic battery, copper will be 
slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with sflver, and an equivalent quantity of copper, *.«., 68'6 
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parts by weight, is dissolyed from the positive copper electrode, and 236 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower or cuprous oxide, CUaO, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oxygen ; it is analogous in constitution 
to the important copper ore, UUgS, thus : — 

r 'Hg' r 'Cu' r 'Cu'^ 

I'Hg'^ t'Cu'^ t'Cu'^* 

Mercurous oxide. Cuprous oxide Cuprous sulphide 

(red copper ore) . {copper glcmce) . 

Cuprous oxide is a feeble base ; it forms with concentrated 
hydrochloric acid cuprous chloride, CU2CI2, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a capric 
salt. Cuprous chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OF CUPROUS CHLORIDE, CU2CI2, in concentrated 
hydrochloric acid, add 

OH2, a white precipitate of CU2CI2 is produced, 

KHo gives a yellow precipitate of cuprous hydrate, CU2Ho2, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

• KI, in the presence of SOH02, or S02Feo", precipitates from 
cupric salts greenish-wJiite cuprous iodide, CU2I2, soluble in excess. 
Both sulphurous acid and fen*ous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SO2H02 and SaOeFejO^, thus : — 

(1) 2SO2CU0" -f 2S02Feo" = SO2CU20'' + SsOaFejO^. 

Cupric Cuprous 

sulphate. sulphate. 

(2) SO2CU2O" -f 2KI = Cu^Ia + SO2K02. 

Cuprous 
iodide. 

QUESTIONS AND EXEECISES. 

1. How does coppei occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

8. Write out the graphic formulse for malachitey copper glance ^ azurttCf and hlue 

vitriol, ammonio-cupric sulphate, cuprous iodUde. 
4. Explain what takes place — 

1st. When copper is treated with concentrated NOiHo. 
2nd. „ „ „ SO3H02. 

3rd. „ „ „ HCl. 

G-iye equations. 
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« 

5. G-iye instances of tlie oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt ? 
.7. How much metallic zinc is reqtiired to precipitate 1*5 gnn. of oopper from 
a cupric solution P 

8. A sample of iron pyrites which has been used for manufacturing sulphuric 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

9. Explain the electrotype process. 

10. What is understood by nasceilt hydrogen ? 

11. What is the percentage of the metaUic copper in malachite ? 

12. How is Cu separated from Ag and Pb ? 

18. How can copper in CuS be separated from bismuth in BlsSg ? 

14. What change takes place when metallic copper is heated in air ? 

15. How much hydrogen gas (at 0" and 760 mm. pressure) is required to depritie 

10 grms. of ignited cupric oxide of its oxygen, and how much water will 
be obtained? 



5. CADMIUM, Cd'\ Atomic weight, 112.— This metal is found 
in nature, associated with zinc, in certain zinc ores, e.g., zinc blends 
ZnS. It is of comparatively rare occurrence ; only one mineral of 
cadmium being known at present, viz., the extremely rare greenochite, 
CdS. It can be distilled like mercury or zinc. Being more 
volatile than metallic zinc, its vapour distils over first, and bums 
with a brown flame (Jbrown blaze), i.e., it is converted into cadmic 
oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given off — 

Cd + 2KHo = CdKoa + Ha. 

EXAMINATION IN THE DRY WAT. 

Cadmium compounds, mixed with sodic carbonate, when heated 
on charcoal in the inner flame, give a characteristic brown incrusta- 
tion, t.6., they are readily reduced to the metallic state ; the metal 
being highly volatile, is reoxidised on its passage through the outer 
flame. Cadmium is recognized with more difficulty when it is in 
combination with zinc, as for instance in cadmviferous bUnde. By 
heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide for a few moments only, on charcoal, a slight 
broum incrustation is generally obtainable, before the zinc is vola- 
tilized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowish, whilst hot, colourless when cold. 

REACTIONS IN THE WET WAY. 

We employ A solution of cadmic chloride, CdCl^, or sulphate, 
SO,Cdo". 

SH2 (vronp-reasent) gives from dilute solutions a fine yellow 
p recipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
c austic alkalies, or potassic cyanide ; insoluble in cold, but soluble 
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in hot dilate nitric and hydrochloric acids ; soluble also in dilate 
salphuric acid. (Distinction from Coppee.) 

Hence the separation of cadmium by means of SH^, especiallj from acid solu- 
tions, is frequently left either incomplete, or is not effected at all, in G-roup II, 
unless the precaution be taken of nearly neutralising the free acid with ammonia, 
before passing SH^, as well as neutralizing the mineral acid as fast as it is libe- 
rated by the SH2. 

SAm2, same precipitate. 

KHo, a white precipitate of cadmlc hydrate, CdHoz, insolable in 
excess. 

AmHo, same precipitate, solable in excess. 

COAmo2 (free from AmHo) a white precipitate of cadmic car- 
bonate, COGdo'', insolable in excess. 

CONao2, same precipitate. 

KCy gives a white precipitate of cadmlc cyanide, CdCyt, solable 
in excess. Sulpharetted hydrogen precipitates from this solation 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmiam &om its solations. 

QUESTIONS AND EXERCISES. 

1. Describe three methods of separation of Od from Cu. 

2. How is Cd separated from Zn ? 

3. How is Cd separated from Pb, Ag, and Bi? 

4. How much cadmic sulphide can be prepared from ] grms. of crystallised 

cadmic sulphate, S02Cdo",40H2 ? 

5. What takes place when greenockite is roasted in a glass tube open at both 

ends ? 

6. How is the metal cadmium converted 1st into oxide, 2nd into chloride, 3rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide ? 

8. You are requested to convert 10 grms. of cadmic sulphate into cadmic bro- 

mide ; how would you proceed, and how much CdBrj should there be 
obtained ? 

Separation of the metals of Subdivision A, Group H,* viz., 

MERCURY, lead, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIC SULPHIDE OR SODIC HYDRATE. 

The precipitate prodaced by tlie groap-reagent SH2, wluch is 
insoluble in ammonic salphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow coloar, e.g., woald be indicative of cadmic salphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the snlphides of the metals of this 
subdivision are — 

1st. Insolable in alkalies and alkaline snlphides, and 

2nd. Insolable in dilate acids, or nearly so ; but solable in con- 
centrated acids. 

* The student may, with advantage, tabulate the reactions produced by the 
principal reagents employed in G-roup II, according to the scheme given on 
page 52. 
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Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
BijSa, CuS, and CdS, with separation of sulphur ; mercuric sulphide 
being soluble only in aqua regia. Hence by boiling with mode- 
rately concentrated nitric acid (in the absence of HOI), we can 
separate mercury from the other metals of subdivison A. Concen- 
trated nitric acid converts PbS partially into S02Pbo", by the 
simultaneous oxidation of the sulphur. We should, therefore, obtain 
in the residue HgS, as well as SOjPbo" and sulphur. But as the 
whole of the PbS can be converted into S02Pbo" only by boiling 
with fuming nitric acid, and as SOiPbo" is slightly soluble in con- 
centrated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (SOiPbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
presence of S02Pbo", or black, from the presence of HgS and sul- 
phur. The solidion contains the metals Bi, Cu, Cd. 

Examination of the Residue.— S02Pbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the S02Pbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is left, and if no mercury has been indicated by 
the reactions in the dry way. The presence of both lead and 
mercury should, however, invariably be confirmed by special tests ; 
viz., the lead by means of Cr02Ko2, and the mercury, by heating 
the dry residue in a bulb tube with dry sodic carbonate. 

Examination of the Solution. — ^We have seen that AmHo 
precipitates BlHos, which is insoluble in excess, whilst CUH02 and 
CdHo2 are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some PbHo2 would be likewise precipitated.) The precipitate is 
filtered off and well washed, then redissolved in a little hydrochloric 
acid, and precipitated by the addition of water. The ammoniacal 
filtrate is of a fine azv/re-blue colour, when copper — even in small 
quantities — is present. If colourless, and if, by the addition of SH2 
a fine yellow precipitate comes down, we infer that no copper is 
present, but only cadmium. If a black precipitate comes down, on 
passing the gas through the slightly acidulated (HCl) s lution, we 
infer the presence of copper and possibly of cadmium. These two 
metals can be separated either by means of KCy (CdS being inso- 
luble in potassic cyanide), or dilute sulphuric acid (CuS being inso- 
luble in hot dilute sulphuric acid). Filter again; in the one case 
copper is left in solution, in the other cadmium. It is not difficult 
to identify these two metals by special tests. 
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The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1st. The insolubility of HgS in nitric acid, 

2nd. The formation of SOgPbo", and its solubility in amnionic 
acetate. 

3rd. The insolubility of BiKos in excess of ammondc hydrate, 

4th. The vnsohibility of CuS in dilute sulphwic acid, or its solu^ 
hility vn potassic cyanide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 

PRACTICAL EXERCISES AND QUESTIONS ON GhROUP n, SUB- 
DIVISION A, AND THE PREVIOUS GROUPS. 

1. A sample of galena, to be analysed in the dry way only. 

2. A hydrochloric add solution, containing much mercuric and little plumbic 

chloride. 
8. A mixture of the solid salts, blue vitriol, corrosiye sublimate, and white 
vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

5. A solution containing much baric chloride and Httle plumbic chloride. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

7. A solution of cupric, cadmic, and zincic sulphates, containing *500 grm. of 

Cu, -020 grm. of Cd, and -500 grm. of Zn. 

8. An alloy of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing *050 

grm. of Hg, -500 grm. of Pb, and 100 grm. of Bi. 

10. A sample of copper glance^ in the dry way only. 

11. A sample of malachitef in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means 

of CrOsKo^ and NaHo). 
18. A solution of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, CdS, and ZnS, is roasted in 

a current of air ? 

15. You have given to you a solution of cupric sulphate, dipotassic tartrate, 4Bodic 

hydrate, and grape sugar : what changes can you produce with Uiese 
materials P 



Group II. Subdivision B. 

I. TIN; Sn" and *^, atomic weight, 118. — This metal is found 
in nature mainly in the form of tinstone or cassiterite, SnOt, some- 
times combined with sulphur, as tin pyrites, SnSs (belUmetal ore). 

EXAMINATION IN THE DRY WAY. 

When tin minerals are fused on charcoal, with CONaOa and 
KCy, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of SnOa. If this white incrustation be treated with a solu- 
tion of cobaltous nitrate, and strongly heated, it assumes a bluish- 
green colour, which is characteristic of tin. Insoluble stannic oxide, 
SnOs, or the native oxide, may also be fused with caustic potash in 
a silver crucible, and thus converted into potassic stannate, soluble in 
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water ; or it may be rendered soluble by fusion on charcoal with 
3 parts of C0Nao2 and 3 of sulphur, when sodic sulphostannate is 
formed, which is soluble in water, but is decomposed and precipi- 
tated as SnSa by means of hydrochloric acid. 

By introducing into a borax bead — in which sofficient cuprio oxide has been 
diffused to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish-brown or forms a ruby-red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Bochelle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnClg, readily in aqua regia with for- 
mation of SnCli. Nitric Etcid converts tin into metastannic acid, 
BUsOsHoio, which by evaporation and ignition is converted into 
SX1O2. 100 parts by weight of metallic tin when thus oxidized, 
are found to increase to 12?*6 by weight (atomic weight of Sn = 
118). 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SilCl2, the metal exists as a 
dyad, and in stannic chloride, SX1CI4, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulphides, etc., viz. : — 

Stannous compounds. Stannic compounds. 

Sn'^Cls Stannous chloride. Sn^^Cl^ Stannic chloride. 

Sn"0 „ oxide. Sn^'Oj „ oxide (anhydride). 

SOjSno'' „ sulphate. Sn^^Sj „ sulphide. 

—.Q^Sno" „ nitrate. 

Sn'^S „ sulphide. 

Stannic acid, SnOHoa, combines not only with the strong alkali 
bases, OKs, ONa^, but even with stannous oxide, SnO, to form 
stannates, e.^., SnOKog, dipotassic stannate, SnOSno", stannous 
stannate. Finely divided tin acts, therefore, like Zn and Cd, upon 
a strong boiling solution of caustic potash or soda, with evolution 
of hydrogen and formation of potassic or sodic stannate. 

A. Stannous compounds. — A SOLUTION OF STANNOUS CHLORIDE, 

SziCls, is employed. 

SH2 (ffroup-reairent) gives a dark brown precipitate of stannous 
sulphide, SnS, insoluble in ammonia; nearly insoluble in normal 
ammonic sulphide, but readily dissolved in the presence of sulphur 
or by the yellow sulphide : from this latter solution it is reprecipi- 
tated as yellow stannic sulphide, SnSz, on the addition of hydro- 
chloric acid ; it is also soluble in potassic or sodic hydrate, from 
which hydrochloric acid precipitates SnS unchaDged. Soluble in 
boiling hydrochloric acid. 

SAms gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stannous 
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hydrate, 2SnO,OH2, or q-.tt 0, readily soluble in excess to SnKoj 

(dipotassic stannite). 

AmHo or COAmog, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. SllCl2 combines with two more atoms of chlorine to become 
converted into S11CI4, whereby the chemical affinities of tin for 
chlorine become satisfied; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or stcmnosum, as it is sometimes called) has two bonds 

left unsatisfied or latent, thus : — Cl — Sn — CI, whilst in tetrad 



CI 
tin (stannicum) all the bonds are satisfied, thus : — Cl — Sn — Cl, or 



Cl 
0=Sn=0. 

HffClg added to a solution of SnOlgy produces first a white precipitate of 
mercurous chloride, H^oClg, and when boiled with excess of SnClj, yields a 
greyish powder of metallic mercury. 

N02Ago giyes with excess of SnCl^ a finely divided black precipitate of 
metallic silver — 

2SnCl2 + 2N02Ago = Agj + ^q^uo" + SnCl4. 

CUOI2 is reduced by SnCl2 to cuprous chloride, CU2CI2, with formation of 
SnCl4. 

Fe2Cl(s yields two atoms of chlorine to SnClj, forming SnCl4, and leaving 
two molecTiles of FeClj. The yellowish solution turns green. 

AuCls gives with SnCl2 a purple precipitate (purple of cas»ius), to which 
the formula SnOAu2o" + SnOSno" + 4Aq (sometimes viewed also as Au2 + 
3Sn02), has been assigned. The change may be expressed thus : — 

2AUCI3 + SSnClz + 6OH2 =» Au2 + 3Sn02 + 12Ha. 

This is a most delicate reaction. 

B. Stannic compounds. — A solution of stannic chloride, SnCli, 
is employed in studying the reactions of Sn*^ in the wet way. 

SH2 (trronp-reasent) gives a yellow precipitate of stannic sul- 
phide, SnSz, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric aoid, and aqua regia; soluble, 
although somewhat difficultly, in ammonic hydrate (Distinction 
FROM SnS), and nearly insoluble in ammonic (sesqui-) carbonate. 

SAm2, same precipitate, soluble in excess. 

KHo or NaHo produces a white precipitate of stannic hydrate, 
S11OH02, or stannic acid, which is completely soluble in excess, 
forming dipotassic or disodic stannate, soluble in hydrochloric acid. 

AmHo precipitates likewise the hydrate ; excess redissolves it 
but slightly. Tartaric acid prevents the precipitation. 
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COAmo2 or C01Srao2 precipitates white stannic add, SnOHo2, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, amnionic nitrate (in fact, most neutral salts). Metastannic 
acid (SligOsHoio) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

5SnCl4 -f 20SO2Nao2 + ISOH^ = SHjObHoio + 20NaCl 

+ 20SO2HoNao. 

SSnCU + 20NO2Amo + I5OH2 = SnsOsHoio + 20AmCl 

+ 2ONO2H0. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic tin in the form of grey laminae, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. Metallic iron pro- 
duces no precipitate. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus : — 

SnCU + Sn = 2SnCl2. 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, as well as insoluble stannous oxychloride, Sn20Cl2, 
on account of the great attraction which stannous salts possess for 
oxygen, thus : — 

(1) 2SnCl2 + = Sn20Cl2 + CI2. 

(2) SnCl2 + CI2 = SnOl*. 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of a bulky 
white precipitate of stannous oxychloride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt P 

2. GKye the constitutional and graphic formulse for metastannic and stannic 

acids, stannous and stannic chlorides, and stannous oxychloride. 
3 How can the correctness of the atomic weight assigned to tin be shown 
experimentally ? 

4. Why does a chemical change take place when SnCl2 and H^Clj are heated 

together ? 

5. Explam the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7. How would you analyse an aUoy consisting of Pb, Cu, Bi, Sn ? 

8. A tingtone yielded on analysis 77'5 per cent, of metallic tin ; how much SnOg 

did it contain ? 

9. How much chlorine gas by weight and by volume (at 0" and 760 mm.) will be 

absorbed by 10 grms. of SnClj P 

10. Express in symboUc formulae the equations for the reactions, in the wet way, 

of stannous and stannic chlorides. 
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2. ANTIMONY, Sb'" and \ Atomic weight, 122.— This 
metal is found native ; also in combination with oxygen as white 
antimony, Sb203, bnt more frequently as sulphide, SbaSs (^grey anti- 
mony), and in combination with other metallic sulphides (Ag2S, 
PbS, 'Cu'2S), as sulphantimonite and sulphantimonate. 

EXAMINATION IN THE DBT WAY. 

On heating metallic antimony or an antimony mineral, e.g., grey 
antimony, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given ofP, which condense on the colder part 
of the charcoal or glass tube, thus : — 

SbjSa + 09 = SbaOs -f 3S0a 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
C0Nao2 and KCy. A brittle globule of metallic antimony is 
obtained, giving ofP dense white fumes of SbaOs (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently, forming with it SbCls or 
SbCls, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal ; aqua 
regia dissolves it readily to SbCls. Nitric acid converts it into a 
compound containing SbaOs and Sb205, insoluble in nitric acid, 
soluble m tartaric acid. Grey antimony, SbaSa, as well as SbaSs, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three or five atoms of chlorine, etc., viz. : — 

Antimonious compounds. Antimonic compounds. 

Sb'^Cla, Antimonious chloride. Sb^Cls, Antimonic chloridp. ^ 

Sb'"203, „ oxide. Sb^aOj, „ oxide. 

Sb^'aSa, „ sulphide. Sb^aSs, „ sulphide. 

Sb'"OHo, Metantimonious acid. Sb^OjHo, Metantimonic acid • 

Both these acids can enter into combination with strong bases, 
such as potassa, or soda, to form weak salts, — ^metanti9ionites and 
metantimonates, viz. : — 

Sb'"OKo, Fotassic metantimonite. 
Sb^OjKo, Fotassic metantimonate. 
Sb^OsNao, Sodic metantimonate. 

* Orthantimonic acid, SbOHos, and pjrantimonic acid» Sb203Ho4 (said to be 
formed when antimonic chloride is decomposed by water), are little known. 
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{/QWvQ 
'Sh»^o'> dian- 

timonic tetroxide, is formed when antimonic oxide (obtained by dis- 
solving antimony in nitric acid) is ignited. This compound is of 
some importance, as it serves for the quantitative estimation of 
antimony. 

A. AnttanonlOlM COmpoimflS. — A SOLUTION OF ANTIMONIOUS CHLO- 
RIDE, Sb2Gl3, is employed for the reactions in the wet way. 

SHa (sroup-rea^ent) ffives an orcmge-red precipitate of hydrated 
antlmonlous snlplilfle, SBjSs, soluble in alkaline sulphides and in 
potassic or sodic hydrate ; reprecipitated by hydrochloric acid ; 
slightly soluble in ammonic hydrate, all but insoluble in hydric 
ammonic carbonate and in hydric ammonic or hydric potassic sul- 
phites. It dissolves in boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dilute hydrochloric acid solution the SbCls exchanges its chlorine in the cold 
for sulphur, with precipitation of SbjSg, whilst hoiling concentrat>ed hydrochloric 
acid dissolves Sb^Sg readily with evolution of SHg. 

SAms produces the same precipitate as SHa, soluble in excess. 

KHo or NaHo precipitate antimonious oxide, SbjOs, readily 
soluble in excess, with formation of potassic autimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmoj, COK02, or CONaOj, same precipitate. 

OHj decomposes SbCls, forming a white insolvhle hade saU, 
anttaiioiilous oxyclilorlfle, SbOOl, soluble in tartaric acid. (Dis- 
tinction FBOM BisMUTHOUS OXYCHLORIDE, BiOCl). Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 

rC0(Sb"'02)' 

(tartar emetic) < chHo ' ^^^ alkalies and alkaline carbonates 

LCOKo 
produce a partial precipitation only after some time. 

Metallic Zn, Cu, Cd, Fe, Go, Sn, and Pb precipitate the metal in 
the absence of free nitric acid as a black powder. 

An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal from a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHs (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. Tin cannot be precipi- 
tated on platinum. It is precipitated by zinc, and is readily soluble 
in hot dilute hydrochloric acid. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 

* Of this gas more at page 89. 
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more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphically — 

01 

chloride ^Sb<^ ^^^ *^^ bonds left unsatisfied or latent, 

or ^ 

whilst pentad antimony in Sb^CU or Sb^OCla (oxy-trichloride), has 
all its bonds satisfied, thus : — 

CI . . ^ 

Antimonic CL I ^Cl , . r^^ cii_ r^^ 

chloride. >Sl/ '^^y-t"- Cl-SWCl 

Cr ^Cl chloride. J^ 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a current of chlorine gas is passed over solid SbCls, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 

SbClg + CI2 = SbClfi. 

Solid Liquid 

antimonious antimonic 
chloride. chloride. 

Sodic metantimonite, SbONao, is oxidised, in the presence of sodic hydrate, 
by free iodine, with formation of sodic metantimonate, SbOgNao, and NaT, 
thus : — 

SbONao + I2 + 2NaHo = SbOgNao + 2NaI + OHg. 

A hydrochloric acid solution of SbCls reduces AuOls to metallic gold 
(frequently ^ith separation of Sb02Ho), thus : — 

SSbClg + 2AUCI3 = SSbCls + Aua. 

Sodic metantimonite is oxidised in an alkaline solution by argentic oxide, 
OAg2, to sodic metantimonate, argentous oxide, 0Ag4, being formed, which 
is insoluble in ammonic hydrate, OAg2, being readily soluble. (Distdtction 

BETWEEN Sb203 AND Sb206.) 

The several reactions may be expressed as follows : 

(1) SbClg + 4NaHo = SbONao + 3NaCl + 20H,. 

Sodic 
metantimonite. '^ 

(2) 2N"02Ago + 2NaHo = OAgj + 2N"02Nao + OH2. 

Argentic oxide 
(insoluble in NaHo, 
soluble in AmHo). 

(3) SbONao + 20Ag2 = SbOgNao + 0Ag4. 

Black argentous 

oxide, insoluble 

in AmHo. 

SS0Nao2 (sodic hyposulphite) reduces antimonious compounds to metallic 
antimony, which combines with sulphur and forms Sb2S3, thus : — 

3SSONao2 + Sb203 = SbaSg + aSOgNaoj. 
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B. Antimonic compounds. — A SOLUTION OF POTASSIC MBTANTIMON- 

ATB, SbOgKo, may conveniently be employed for studying the 
reactions in the wet way. 

This salt is prepared by fusing metantimonic acid, SbOjHo, 
with a large excess of KHo, in a silver crucible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodic metanti- 
monate is obtained, which is insoluble in water. 

SbOjKo is readily decomposed by concentrated acids (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SH2 gives from a solution of SbOaHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbgSs, mixed with 
Sb2S3 and S ; soluble in alkaline "sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH2 and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

S02Feo" does not reduce antimonic compounds. 

N02Ago, added to an alkaline solution of Sb02Ko, yields, for 
obvious reasons, only OAg2, readily soluble in ammonic hydrate. 

Antimonic compounds, like stannic salts, can, under certain conditions, also 
act as oxidizing agents, e.g. : — 

On igniting antimonic anhydride, it splits up into Sb-204 and oxygen. 

SnCl2 precipitates SbOHo from a hydrochloric acid solution of SbO^Ho, 
the SnCl2 being converted into SnCl4. 

On boiling a solution of Sb02Ho in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbCls is in fact frequently 
employed for the purpose of conveying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbCls, on being heated, together with 2KI, 
forms SbCls + I3 + 2KCi. The liberated iodine is readily recognized by means 
of starch paste, when the highly delicate and characteristic blue iodide of starch 
reaction is obtained. (Distinction between antimonioxts and antimonic 

COMPOUNDS.) 

QUESTIONS AND EXERCISES. 

1. How is antimonious chloride prepared ? What change does it undergo 

when water is added to it ? 

2. How can the metal antimony be obtained from grey antimony ore 1 

3. By what characteristic read ion can antimony compounds be recognized when 

examined in the dry way ? 
4^ What is the action of concentrated nitric acid upon metallic antimony ? 

Explain the change by an equation. 
6. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fe upon a solution of SbCI^. 

7. What evidence have we to show the triad and pentad nature of Sb ? 

8. Give illustrations of the reducing action of antimonious compounds, e.g., 

antimonious chloride. 

9. G-ive instances of the oxidising action of antimonic compounds, e.g., metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi ? 

12. Express by symbolic equations the reactions for antimony in the wet way. 
18. Calculate the percentage composition of white antimony and antimonious 

oxychloride. 
14. 1 grm. of a sample of grey antimony yielded on analysis '854 grm. of Sb204 ; 
what percentage of antimony does the ore contain ? 
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15. How would you separate Sn j&^m Sb, in the dry way ? 

16. How much Sb204 by weight will 1'32 grm. of metallic antimony yield ? 

17. How much chlorine by weight and by volume (at 0° C. and 760 mm.) is re- 

quired to convert 10 grms. of SbClg into SbCls P 

18. How much oxygen gas hj weight and by volume (at 0" C. and 760 mm.) can 

be obtained by igniting 6 grms. of SbjOg ? 

19. Describe the preparation of potassic metantimonate. 

20. How much Pb and Sb have to be employed to prepare 50 lb. of type metal, 

an alloy having the composition Pb4Sb P 



3. ARSENIC, As'" and ^. Atomic weight, 75.— This body 
constitutes one of the most widely diffused elements in nature. It 
is found native^ but exists most frequently in combination with sul- 

{AsS" 
• Off, or diarsenions disulphide, and as orpiment, 

ASjS"3, or arsenioxis sulphide (sulpharsenious anhydride) ; in eom- 

f "As' 
bination with metals it exists in arsenical mckel, < " Ag'^^j copper 

{'As"Ni f "As' 

'Aa""N"'' ^^^ ^ smaltiney < " Ag'Co. Arsenic acts in some 

of these mineral bodies more like a metalloid than a metal. Metallic 
arsenides are frequently found in combination with metallic sul- 
phides, such as the sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the 

f "As' 
common mineral mispickel, or arsenical pyrites^ i ,/ « fFe",Pe*^S2, in 

( "As' . . . - 

nickel glance or grey vdckel ore, < ,, • ,Ni",Ni*^Sz, B,ndm cobalt glance 

"As' 

/,«, Co", 00*^82. Arsenic occurs also in the form of metallic 



{ 



arsenates, such as calcic, magnesic, nickelous, cobaltons, plumbic 
arsenates ; for example, in the mineral phai-macolite, AS203Cao"2, 
6OB.2 (calcic pyrarsenate), in nickel ochre^ As2Q«Nio"3,90H2, in 
cohalt hloom^ As202Coo"8,80H2, and in mimetesite, 3(As202Pbo"s), 
PbCla. 

Traces of arsenic are almost invariably found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DRY WAY. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tube, it burns and forms 
arsenious anhydride, ASjOs, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arsenate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are poisonous. The reaction being so veiy 
delicate, small quantities only of the substance should be operated 
upon. 
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When arsenical compounds 
are heated in a bulb-tube, Fig. 
8, a, mixed with a proper re- 
ducing agent (such as sodic 
carbonate and charcoal powder 
or black-flux), metallic arsenic 
sublimes and is deposited in the 
shape of a lustrous steel grey 

mirror, b, in the upper part of P g 

the tube. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks arsenic violently, forming a highly poisonoiiB 
liquid, arsenious chloride, A8CI3. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oxides, sulphides, etc., and two well characterized 
series of salts, arsenites, and arsenates. 



A, Arsenious compounds. — We may employ either a solution 
OF ARSENIOUS ANHYDRIDE, ASjOs, in dilute hydrochloric acid, or an 
AQUEOUS SOLUTION OF AN ARSENiTE, AsKoa (tripotassic arsenite). 

SHj (irroap-reagrent) produces in an acid solution of ASjOs, 
especially on gently heating, a lemon-yellow precipitate of arsenious 
sulpliide, AS2S3, readily soluble in caustic alkalies, in alkaline car- 
bonates and sulphides forming alkaline arsenites and sulphar- 
senites; it is reprecipitated from any of these solutions on the 
addition of dilute hydrochloric or nitric acid. It is nearly insoluble 
in concentrated hydrochloric acid, even on boiling ; but soluble in 
nitric acid. On digesting freshly precipitated arsenious sulphide 
in a solution of hydric potassic sulphite, SOHoKo, and excess of 
sulphurous acid, the yellow precipitate is dissolved, and the solution 
contains potassic metarsenite and potassic hyposulphite, after driving 
off the excess of sulphurous acid by evaporation, thus : — 

2ASjS3 + I6SOH0K0 = 4A.SOK0 4- 6SSOK02 + S3 + 7SO2 

+ 80H2. 

SAmj, same precipitate soluble in excess. 

NOaAgo produces from a solution o£ a neutral arsenite, or from 
a solution of ASaOs in water, rendered neutral by cautiously add- 
ing ammonic hydrate, a , yellow precipitate of triar^entic arsenite, 
AsAgOa, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAgOs and OAg2 is 
decomposed on boiling, with separation of metallic silver and for- 
mation of triar^entic arsenate, AsOAgOa, thus : — 

AsAgOa -h OAg2 = AsOAgOa -h Ag7. 

Soluble in Soluble in Soluble in Black 
AmHo. AmHo. AmHo. precipitate. 

SOoCuo^' produces a characteristic yellowish-green precipitate of hydric 

G 2 
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capric arsenite, AsHoCuo^' (Scheele*s ^reen), irom a solution of tripotassic 
arsenite, readilj soluble in amnionic hydrate, amnionic chloride, or nitric acid. 

SOjMgo" gives no precipitate in the presence of free ammonic hydrate and 
ammonic chloride. 

BeinscJi's test — Arsenic is precipitated on a strip of clean met-allic 
copper, immersed in a hydrochloric acid solution of AS2O3, in the 
form of a grey film of ASaCus, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing action^ when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuClj (auric chloride) produces from an acid solution of As^Os a preci- 
pitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*^ = three atoms of As (3 x 75). 

4AUCI3 + 3AS2O3 + I5OH2 = 6ASOH03 + AU4 + 12HC1. 

Chlorine water, or compounds capable of yielding chlorine, such as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {Eau de Javelle), oxidize 
AsjOg rapidly, thus : — 

AS2O3 + 2CI2 + 5OH2 = 2AsOHo8 + 4Ha. 

Iodine, dissolved in a solution of potassic iodide, likewise converts a solution 
of A82O3, dissolved in excess of hydric sodic carbonate, into AS2O6, with forma- 
tion of an alkaline iodide, thus : — 

AsHoNaoa + 200HoNao + I2 = AsOHoNaoa -1- 2NaI + OH2 + 2OO2. 

Chlorine, iodine, and bromine act as oxidizing agents by decomposing water 
or a metallic oxide. They form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding haloid stilt, and the oxygen is transferred to the 
A82O3. 

The oxidizing action of OAg2 upon AsAgOs in an ammoniacal solution has 
already been noticed. 

An analogous change is produced by cupric oxide in the presence of potassic 
hydrate. On adding to a strongly alkaline solution of tripotasNc arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, OU2O, and leaves tripotassic arsenate, AsOKOj, 
in solution. (Distinction between A82O3 and AS2O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and manganese (manganates and permanga- 
nates), has already been described, pages 46 and 32. 

B, Arsenic Compounds. — We employ AN AQUEOUS SOLUTION oP 

TRIPOTASSIC ARSENATE, ASOK03. 

SH2 gives scarcely any precipitate from an acidulated solution 
of ASOK03, nntil the solution is heated, and a current of gas passed 
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throagh for some titno. It is difficulfc to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the ASgOs first to A82O3, by a more power- 
ful reducing agent than SH2, for example, by sulphurous acid, or 
an acid sulphite, such as SOHoKo or SOHoAmo — 

ASOK03 + SOH02 = ASK03 + SO2H03, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

NOsAgo giYes B, reddish-brown precipitate of trlarsentlc arsenate, 
AsOAgOg, soluble in ammonic hydrate and in nitric acid. 

SOjCiio" produces a pale greenish-blue precipitate of hydrlc cnprlc 
arsenate, AsOHoCuo'^ soluble m ammonic hydrate and nitric acid. 

S02Mgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white crystalline precipitate of amnionic mairnesic 
arsenate, AsOAmoMgo" (distinction of AS2O3 from AS206). 

Fe2Cl0 gives a yellowish-white precipitate of ferric arsenate, AsjOsFejo^'. 

C I 00^}^^^'' (plumliic acetate) gives & white precipitate of triplumliic 

arsenate, AssOsPbo'V 

M02Amo2 (ammoulc molyliilate), dissolved in nitric acid, gives a yellow 
precipitate of arsenio-ammonic molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of ASjOs ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of AS2GU6 is obtained (distinction 

BETWEEN A82O3 AND ASjOs). 

Arsenic as well as arseniovs compounds are capable of oxidizing 
other bodies^ and become themselves reduced either to a lower oxide 
(sulphide), or to the metallic state. 

Sulphurous acid reduces arsenic to arsenious acid. 

SSONao2 (sodic hyposulphite) deprives arsenious acid of its oxygen, and 
converts it into A82S3, thus : — 

2AJBH03 + 3SSONao2 = A82S3 + SSOjNaos + SOHj. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic, — ^A frag- 
ment of arsenious anhydride (white a/rsenic) is placed in the pointed 
end, a, of a hard glass tube drawn out before the blowpipe, as seen in 
Fig. 9. A splinter of 
well ignited charcoal is 
next placed in the nar- 
row part of the tube at 
b, somewhat above the 
fragment of the arse- 
nical compound. This 
charcoal is heated over 
a gas flame or the flame 
of a spirit lamp. When 
the charcoal is well 

ignited a second flame 

is applied to the lower fio. ». 
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end of the tube in order to volatilize the arsenical compound, the 
vapour of which, on passing over the glowing charcoal, is deprived 
of its oxygen, and metallic arsenic is deposited in the form of a 
shining black mirror on the inside of the tube, above the charcoal 
at c. The reaction takes place according to the equation : — 

2AS2OS + 30 = AS4 + 3CO2. 

This test is very delicate. Arsenic, in the form of an arsenite or 
arsenate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour. 

KCy reduces arsenical 
compounds — oxides as well 
as sulphides — with forma- 
tion of potassic cyanate or 
sulphocyanate. A mixture 
of potassic cyanide with 
Fig. 10. the arsenical compound is 

heated in a bulb tube, a 
(Fig. 10). Metallic arsenic is deposited at b. 
The changes are expressed as follows : — 

2As20g -h 6KCy = 6CyKo + As*. 

Potassic 
cyanate. 

2AS2S3 + 6KCy = 6CyKs + As*. 

Potassic 
sulphocyanate. 

But since potassic cyanide contains potassic cyanate, as well as potassic car- 
bonate (its composition may be expressed by the formula 5KCy + Cy£o 4 
xOOKo^, a portion only of the arsenic in A83S3 is obtained in the metallic 
form, and a sulpharsenate is formed which is not reduced by potassic cyanide. 
On mixing the arsenious sulphide with sulphur, the whole of the arsenic remains 
behind in the fused mass, as sulpharsenate, and no metallic deposit is obtained. 
(In the presence of sulphides of Pb, Cu, Ag, Au, Ni, Co, Fe — as, c.^., of F6S2, 
in arsenical pt/rites, I9'iS2, in nickel glance — which are reduced to the metallic 
state by the action of potassic cyanide, scarcely any arsenical mirror is obtained, 
because the liberated metallic arsenic — a portion only of the arsenic being hberated 
— would immediately alloy itself with the metals.) These changes are expressed 
by the equations : — 

(1) 5A82S3 = SAsaSfi + As4. 

(2) 4AB2S6 + I2OOE03 » 5AsSKs8 + 3A80K08 + I2OO2. 

The reduction is generally effected by mixing dry arsenious sulphide with one 
part of potassic cyanide and three parts of sodic carbonate, and introducing the 
mixture into a piece of combustion tube, C, drawn out to a point, as seen on a 
larger scale in Fig. 11. A slow current of carbonic anhydride generated from 
marble and hydrochloric acid in the flask A, Fig. 12, and dned by passing 
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fint geatlj, till &U tha moisCure hsa been driven out, and then itronglj to fiuiott, 

— when a mirror of metallic wseoio oolleotB ia the neck oS the drawn-oat tube. 

The reaction baa thiaadTantage, that no antimoii; mirror i* obtained in the 

In order, however, to avoid missing the araeoic, either altogether or obtaining 
onl; a portion of it, as stated above, it u preferable to treat the araenioua tal- 
phide with a few drops of concentrated nltnc acid, and to evaporate with a little 
SQlphuria aoid (in order l« deoompose any metallic nitrates, if present). The 
sulphuric acid is neit neutralised with eodio carbonate, and the mass thorongfal; 
dried, before mixing it with potassio cyanide and reducing it as deaoribed. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, pro- 
vided no lead, copper, or other reducible metals were present. 

Araeniona and arsenic Eicids are both reduced by nefloent hydro- 
gen, which combineB with, the oxygen of the arsenical oxides to 
form fvater, whilst the arsenic in its naacent state, or the very 
moment it ia liberated from the oxygen, combines likewise with 
hydrogen to form a gaseous compound of arsenic, called araenietted 
hydrogen (arsenions hydride) — Ab"'H5. This gas is obtained pure 
hj acting with dilute sulphnric a«id upon an alloy of zinc and 
arsenic. The zinc takes the place of the hjdrogeu in the acid, and 
nrsenietted hydrogen is hberated, thus ; — 

AB,Zn, + SSOjHo, = 3SO>Zno" + aAaH;. 

Araenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
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properties may be studied equally well in a mixture of the gas with 
much hydrogen. 

The experiment should be conducted in a closet, connected with 
a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white fumes. 

Generate hydrogen in a flask, a, Fig. 13, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas bv passing it over calcic chloride 
and connect the drying tube, i, with a piece of hard glass tubing, c, drawn out 




ffin n^ 
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to a jet. The hydrogen gas may be ignited at the jet, as soon as it has displaced 
the air in the generating flash, a, and drying tube, h. It bums with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic acid solution* through the funnel-tube, the flame is seen to 
change to blue, and on holding a piece of porcelain {e.g., a dish, or the lid of a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — by heating the glass tube through 
which the arsenietted hydrogen passes— in the form of a metellic ring, d, which 
deposits within the tube immediately behind the spot where the glass is heated. 
The hydrogen should not be generated too rapidly, if a good ring is to be obtained . 
The mirror may be driven on to c by gradually moving the flame from c 
towards d. 

Several arsenical mirrors may be obtained if a long piece of narrow combus- 
tion tube, Fig. 14, be employed, which has been contracted in several places by 
drawing it out in the flame of a blowpipe. Arsenietted hydrogen is generated 
in the flask, a, and passing through b, the drying tube, c, and combustion tube, d, 
issues from the drawn-out jet, where it can be burnt. The tube, d, is heated in 
one or in several places, just before the several drawn-out narrow parts. An 
arsenical mirror is obtained a little behind the heated part of the tube, as seen in 
Fig. 14. Little or no arsenietted hydrogen need thus escape from the jet, 
especially if a slow current of hydrogen be generated. 

The deposition of arsenic in the tube or on the cold porcelain 
arises from the decomposition of the arsenietted hydrogen, which, 

* It should be borne in mind, that only a^id solutions of the oxides of arsenic 
can be employed. Any considerable excess of oxidizing agents, such as nitric, 
chloric, etc., acids, should also be avoided. The same holds good for the prepa- 
ration of SliH|. 
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at a high temperature, is broken up into arsenic, which is deposited, 
and hydrogen, which passes on and bums at the jet. The decom- 




Fio. 14. 

position which takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if we remember what takes place 
when some cold porcelain is held in a candle or gas flame. We ob- 
tain a deposit of soot (finely-divided carbon from the hydrocarbons), 
because the combustion is disturbed, and the temperature of the 
flame suddenly lowered. The flame can only bum where it is in 
contact with air, t.e., on the outside. The arsenietted hydrogen on 
passing through the inner portion of the flame, is decomposed by the 
heat into arsenic vapour and hydrogen gas ; the latter escapes 
through the outer portion of the flame, and is burnt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
arsenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen gas, and this test — known as Marshes 
test — is therefore extremely delicate. 

It is of paramount importance that both, zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to escape 
by itself for some time, through the combustion tube ignited in several places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few small 
crystals of potassic chlorate, and to heat gently till no more chlorous odour is 
observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonious hydride), SbHa. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbjZns + 3SO2H02 = SSOaZno" + 2SbH8. 
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Mixed with hydrogen gas it is obtained by introdacing into a 
hydrogen apparatus a few drops of an antimony solution (SbClj, 
SbOaKo, or tartar emetic). The greater part of the antimony, 
however, remains behind, precipitated as metal on the zinc. The 
hydrogen flame turns at once bluish-green, and white fumes of 
antimonious oxide, SbsOs, ascend into the air. The gas has no 
odour, and is not poisonous.* On depressing a cold piece of por- 
celain into the flame, metallic antimony is deposited, and on 
heating the combustion tube, as in the case of the arsenic experi- 
ment, the gas is likewise decomposed into metallic antimony, which 
collects in the narrowed portions of the tube and forms a duU 
hlach mirror^ and hydrogen, which escapes and can be burnt ac 
the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited 
further away from the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to distinguish the 
arsenic from the antimony in the mirror itself. 

This can be done very readily — 

Ist. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite (Uau deJavelle) ; or by simply 
exposing the mirror to chlorine gas, eyolved by treating a little bleaching powder 
with dilate hydrochloric acid : the arsenical mirror is speedily dissolved ; antimony 
only after some lengthened exposure, thus : — 

Asa + 5ClNao = AM^Og + 5NaCl. 

2nd. By passing a veir slow current of dry sulphuretted hydrogen through 
the glass tube containing tne arsenic and antimony mirror, and applying a genUe 
heat. The metals are conyerted into sulphides — ^arsenic into lemon-ydQow arse- 
nious sulphide, and antimony into a black or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
Tolatile of the two sulphides. On passing next a current of dry hydrochloric 
acid eas without the application of heat, antimonious sulphide disappears 
entirely, being converted into antimonious chloride, which volatUi^ses in the 
current of hydrochloric acid gas, and may be passed into water and tested by 
means of sulphuretted hydrogen. Arsenious sulphide remains unaffected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse- 
nious sulphide dissolves readily in hffdric ammome carbonate, OOHoAmo. 

Antimonietted and arsenietted hydrogen can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts 
arsenietted hydrogen into arsenious acid, thus :— 

AsHa + GNOaAgo + SOHa = Agg -i- AaHog + 6NO2H0. 

Antimonietted hydrogen is not acted upon in Uke manner. The oxidation 
extends only to the hydrogen and not to the antimony, the metallic sUver taking 
the place ot the hydrogen, thus : — 

SbHa + SNOaAgo = SbAga + SNOjHo. 



* The evidence on this point appears to be doubtful. 
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The arsenious acid is Beparated by filtration from the insoluble SbAgs, and 
Ag. On cautiously adding to the filtrate a dilute solution of anunonic hydrate, 
a yellow precipitate of triar gentle arsenite is obtained, where the two layers 
of the amnionic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
argentide is acted upon with formation of soluble antimonious tartrate (?) , silver 
being left behind. Filter ; acidulate the filtrate with dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 
Another method of detecting the antimony consists in digesting the SbAgs with 
yellow ammonic sulphide, when the Sb is dissolved out as sulpnantimonite, and 
can be separated from the filtered solution by HGl as SbjSji. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulsB the symbolic formulae of realg<ir, orptment, 

copper nickel, smaltiney nickel ochre. 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. Wliat changes does metallic arsenic undergo when heated, 1st, by itself, in a 

current of a neutral gas (OOg or H) ; 2ndly, in contact with air ; 8rdly, in 
contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? G-ive several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved ; 1st, in NaHo ; 2nd]y, in SAjus ; Srdly, in 
OOHoAmo. 

9. What precipitates are produced when argentic nitrate is added to a neutral 

solution of an arsenite or arsenate ? 

10. Why is triargentic arsenite, in an ammoniacal solution, converted on boiling 

into triargentic arsenate. Express the change by equations. 

11. What is the action of magnesic sulphate in an ammoniacal solution (so-called 

magnesia mixture) upon arsenious and arsenic solutions ? 

12. Give a few instances A the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

13. Explain the oxiduing action of chlorine, bromine, and iodine upon arsenious 

compounds. 

14. What takes place when metallic copper is introduced into a dilute hydro- 

chloric acid solution : 1st, of A^Oa ; 2ndly, of ABJd^ (Reinsch's 
test) ? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. G-ive examples, and express the changes by equa- 
tions. • 

16. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated with potassic cyanide. G-ive equations. 

17. Explain how the presence of free sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds by potassic 
cyanide. Ghive equations. 

18. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh's 

test), and show by equations the formation of arsenietted hydrogen. 

19. What change does arsenietted hydrogen undergo : 1st, when burnt in the air; 

2ndly, when paased through a tube heated in one or more places ; 8rdly, 
When passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen, and state — 1st, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it difiers from the latter in its chemical deportment 
with argentic nitrate. 
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21. How would you distinguish between an arsenic and antimony mirror ? 

22. State how arsenic can be separated — 1st, from antimony, 2ndly, from tin. 

23. 1*2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with auric chloride : how much Ab^Os by weight did the 
solution contain ? 
24 Calculate the percentage composition of ammonic magnesic arsenate, 
(AsOAmoMgo" + 6Aq.) 



4. GOLD, Au' and '". Atomic weight, 1967.— Gold is gene- 
rally fonnd native and is then readily recognised by its colour, 
malleability, and physical character generally. Gold occnrs in any- 
thing like considerable quantities in combination only with the rare 
element tellarinm. In small quantities it occasionally accompanies 
metallic sulphides. 

EXAMINATION IN THE DRY WAY. 

When heated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-volatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silver dissolved by digesting with a little 
nitric acid in a small porcelain dish. The argentic nitrate is poured off, and 
the gold washed with distilled water. The black insoluble residue is once more 
fused on charcoal before the blowpipe, when it assumes the well-known appear- 
ance of fine gold. 

Old silver coins frequently contain a small quantity of gold, which, on dis- 
solving in nitric acid, is left as a black powder. 

When an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or "part " the gold. — Method 
of ctssaying gold, 

EXAMINATION IN THE WET WAY. 

Gold when unalloyed is soluble in aqua regia only, forming a 
SOLUTION OP AURIC CHLORIDE, AuCls, which may be employed for 
studying the reactions in the wet way. 

SH2 (irroup-reasent) gives from a cold solution a liloAyk preci- 
pitate of auric sulphide, AU2S3, from a boiling solution a hrovmish 

precipitate of aurous sulphide, AU2S = < " Ati'^ '* These precipi- 
tates are insoluble in hydrochloric and nitric acids, but dissolve in 
aqua regia. They are likewise insoluble in normal ammonic sul- 
phide, but soluble, although with difficulty, in yellow sulphide, more 
readily in yellow sodic sulphide, with which they form a sulpho-salt, 
AllNass. 

SAm2 and SSONao2, same precipitate. 

KHx) or NaHo produces no precipitate, 

AmHo produces from a concentrated solution of auric chloride a 



REACTIONS OF GOLD. 93 

reddish-yelhw precipitate of ammonic aurate or f^minatins ffold, 

(NH,),AtiA, =SvSioAa^' *^^' ^"" 

2AUCI3 -h 8AmHo = (NH3)aAu208 + 6AmCl -h SOH^. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely- divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same oxidizing action is called into play, 
when AuCls comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potass ic nitrite, sugar in an 
alkaline liquid, and many other organic substances i^-Q't the epider- 
mis); arsenietted, antimonietted, and phosphoretted hydrogen decom- 
pose AuGls likewise. 

The following equations express these changes : — 



(1) 2AUCI3, when ignited splits up : 


into Auj + 3CI2. 






(2) AU2S3, 


tt a 


a 


AU2 + S3. 






(3) 2AUCI3 + 


3SOH02 + 


3OH3 


= Au2 + 3SO2H02 


4 


6HC1. 


(4) 2AUCI3 + 


Q f OOHo 
** 1 OOHo 




= AU2 + 6OO2 


+ 


6H01. 


(6) 2AUCI3 + 


ePeOla 




= Au2 + 3Pe20l5 






(6) 2Aua8 + 


eSOaFeo" 




= Au2 + Pe2Cle 


+ 


2S80eFe20^. 


(7) 2AUCI3 + 


3OU3CI2 




= Aua + 6OUCI2. 






(8) 2AUCI3 + 


4o:Hg^" 




«= Au2 + SJ^g^Hgo" 


+ 


3HffOl2. 


(9) 2AUCI3 + 


3NOKo + 


3OH2 


= Au2 + 3NO2K0 


+ 


6H01. 


(10) 2AUCI3 + 


2ASH3 + 


3OH2 


= Au2 + 2AsHo3 


+ 


6HC1. 


(11) 2Au01s + 


SbHg 




= Au2 + SbCls 


+ 


3HC1. 



In the analysis of a solution containing gold, as well as some 
other metals of Group II, precipitable by SH2, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AllCU 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXERCISES. 

1. How would you treat a silver coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is AuClg prepared ? 
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3. Desci^be how pure metallic gold is prepared from A11CI3, in the wet way. 

4. Explain the change which A112S3 undergoes, 1st, when gently heated in a 

bulb tube ; 2ndly, when heated in a tube open at both ends. 

5. What reaction takes place when AuClj is brought together with bodies which 

have any latent bonds left ? Give instances of such reactions and express 
the changes by equations. 

6. How can gold be separated from an alloy of Au, Ag, and Cu ? 

7. 9*37 grms. of a gold mineral, when treated with aqua regia and reduced by 

FeCl2, yield '53 grm. of metallic gold ; what is the percentage of gold in 
the mineral P 

8. How much chlorine gas, by weight and by volume, can be obtained by the 

ignition of 1*25 grm. of AUCI3 ? 

9. "Wlmt action takes place when a piece of gold is suspended from the positive 

electrode in a bath of A11OI3, metallic copper forming the negative elec- 
trode ? Explain the process of electro-gilding. 



5. PLATINUM, Pt" and »^. Atomic weight, 107-4.— This 
metal is found native, but more frequently alloyed with other metals. 
It is characterized by its infusibility before the blowpipe, and is not 
acted upon by the usual fluxes. It can, therefore, only be examined 
in the wet way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqua regia, with formation of platinic 
chloride, PtCU. A solution of this salt is employed for studying 
the reactions of platinum. 

SH2 (»roup-rea»ent) produces slowly a dark brown precipitate 
of platinic dlsulpblde, PtS2. On heating, the precipitate forms 
quickly. It is insoluble in nitric or hydrochloric acid, soluble in 
aqua regia ; difficultly soluble in normal ammonic sulphide, more 
speedily in yellow sulphide, with which it forms a sulpho-salt, 
PtSAm82. Heated out of contact with air, it is decomposed into 
"Pt"SandS. 

SAm2, same precipitate. 

PtCU is interesting on account of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g., the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a ligy yellow crystalline precipitate of amnionic 
platinic cblorlde, 2AmCl,PtCl4. From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water-bath. The 
precipitate is somewhat soluble in water, insoluble in alcohol. 

KCl produces a yellow crystalline precipitate of potassic platinic 
cUorlde, 2KCl,PtCl4, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms with platinic chloride a double chloride, which is, however, 
soluble in water, and is obtained in needle-shaped crystals only after considerable 
evaporation. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and vice versd^ 
for the detection of ammonium or potassium compounds. (Corap. 
Chapter II.) 
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Platinum is capable of forming a lower chloride, viz., platinous 
chloride, "Pt"Cl2, in which the platinum acta as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204 *" 0., as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride, 
PtCl2 is a greenish-grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the following 
reactions will be readily understood : — 

PtCU produces with SnCU only a dark brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCU is reduced by S02Feo" only after long-continued boil- 

^^' . . . . fH 

PtCU is reduced to platinum by formic acid, < COH ' ^^ heat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrogen, 
it is preferable to remove the gold, by means of oxalic acid (which 
does not reduce platinic chloride), before removing the platinum by 
evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Q-ive an equation. 

2. How much metallic platinum is left when two grms. of PtSj are strongly 

ignited in a porcelain crucible? 

3. How much Pt will be left, when 1*5 grm. of 2AmCl,'PtCl4 is ignited ? 

4. Ct^culate how much potassic platinic chloride ought to be obtained from 

•521 grm. of KCl. 

5. How is platinous chloride prepared ? 

Separation of the metals arsenic, antimony, a/nd tin, whose suU 
phides are sohible in yellow a/mmonic sulphide, or i/n sodic hydrate. 

The precipitate produced by the group-reagent is soluble in 
yellow ammonic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark brown colour, it 
may be inferred that stannous sulphide is present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic sul- 
phide may be inferred, if orange-coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. AS2S3 dissolves freely, SnSa very slightly, and Sb2Ss 
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is all but insoluble. On digesting, therefore, the precipitate with 
COHoAmo, and filtering, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metaLs, the antimony is, for the most part, converted 
into antimonietted hydrogen, — tin does not form a gaseous compound 
with hydrogen. For this purpose the two sulphides are dissolved 
in hot hydrochloric acid, and the solution of the mixed chlorides 
introduced into a Marsh's apparatus. Antimony is detected by the 
metallic deposit which antimonietted hydrogen gives on porcelain, 
insoluble in ClNao. Tin (antimony) is found in the generating 
flask deposited on the strips of zinc as a powder. The greyish-black 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitate of mercurous 
chloride, Hg2Cl2, indicates the presence of tin. 

The separation of a/rse^iic, antimony^ and tin, may thus he based 
upon — 

1. The solubility of AS2S3 in hydric ammonic carbonate, 

2. The formation of antimonietted hydrogen. 

3. The precipitation of tin by metallic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table TI in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves, such as 
the one which is based upon : — 

1st. The oxidation of AS2S3, SbgSa, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fusion with 
^ caustic soda in a silver crucible) into sodic metantimonate, arsenate, 
and stannate. 

2nd. The insolubility of SbOzNao in cold water and alcohol 
(AsONaoa and SnONao2 being soluble). 

3rd. The conversion of AsONaos and SnONao2 into ASjSs and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of AsgSa, when heated in a current of dry 
SH2 gas, SnS being non- volatile. 

5th. The absorption of the volatilized AS2S3 in a solution 
of sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into SnO^ by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated AS2S3 and SbjSs with hydric 
potassic sulphite and sulphurous acid; AS2S3 is converted into 
potassic metarsenite, Sb2S3 remains undissolved. 
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A third method consists in : — 

1st. Removing the AS3S3, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbaSa and 8x182 with 
concentrated nitric acid and boiling with tartaric acid ; Sb204 is 
soluble, Sn02 remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin is 
based upon : — 

1st. The introduction of a solution (in HOI and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SoAgs in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOa from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Group IIb, depends 
upon : — 

1st. The insolubility of AS2S3 in strong hydrochloric acid, Sb2S8 
and 81182 being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means 
of a strip of metallic zinc ; a black stain indicates antimony. 

3pd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb. 

1. Sulphuretted hydrogen produces a fine yellow precipitate, a portion of which 

is soluble in yellow amnionic sulphide. What inference would you draw 
from this, and how would you examine both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

3. Examine some green paper-hangings for As (Scheele's green) . 

4. Test a sample of commercial hydrochloric acid for As and Fe. 

5. Separate As from Sn in a solution of SnClg and AS2O3, containing -500 grm. 

of Sn, and '020 grm. of As. 

6. Analyse a solution containing '010 grm. of As and 'lOO grm. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how you would separate the two metals. 

8. Test a sample of iron pyrites, FeS2, for arsenic, in the dry and in the wet way. 

9. A precipitate consists of Sb^Sa and As^Ss. Describe different methods 

of anialysis, and state the possible causes of error inherent upon each 
method. 

10. Analyse a mixture of Sn02 and Sb204, both in the dry and wet way. 

11. You have given to you a solution containing potassic arsenite and arsenate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 
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12. Test a solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 

14. What are the changes which AagSg, SbjSa, and SnSa undergo when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda ? 



Chapter YI. 

REACTIONS OF THE METALS OF GROUP I. 

This group comprises the metals silver, lead, and mercury in 
the form of mercnrons componnds, which are precipitated by dilute 
hydrochloric acid. 

1. SILVER, Ag^. Atomic weight, 108.— This metal occurs 
native ; also as sulphide in silver glance, SAg2, and in combination 
with antimony, as sulpho-salt in trisulphar^entic orthosulphantimo- 
nite, or dark red silver ore (pyrargyrite), SbAgSs; with arsenic as 
trisulphargentic sulpharsenite, in jproustite, AsAgSa ; as chloride, 
AgCl, in horn silver, and other ores. 

examination in the dry way. 

Place a small quantity of powdered silver glance towards the 
middle of a hard glass tube (combustion tubing of about J inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards 
the centre. By holding the tube in a slightly slanting position, a 
current of air is made to pass over the ignited sulphide ; the sulphur 
becomes oxidized and is carried off as sulphurous anhydride, readily 
recognizable by its pungent odour. Metallic silver is left, together 
with a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are, to a great extent, deposited as ASjOs and 
Sb203, in the cool part of the tube. 

Mix a little of the finely-powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper. 
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iron, etc., as in a/rgenUferous fahl ore, and from which the metal 
silver conld not be eliminated before the blowpipe flame, are treated 
in the following manner: — 

Mix '100 grm. of the finely- powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead ;* in- 
troduce it into a cavity, made in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently, and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until, on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash (tricalcic phosphate, P202Cao"3), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone-ash, forming a mass of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, i.e., if the copper has not been entirely removed — a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the htharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Small quantities of silver must he separated from lead (as well sis 
from other metals), by cupellation. 

Fuse some finely-powdered argentiferous galena, PbS,SAg2 (or 
PbAgS2), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this ^B^ 
bead on a small cupel (Fig. 15) to the oxidizing action ^^H|iP 
of the blowpipe flame. The lead is oxidized and absorbed fio. is. 
by the cupel, metallic silver being left. 

Dried AgCl is mixed with dry C0Na02, in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left thus : — 

2AgCl -h CON'ao2 = 2N'aCl + CO2 + -h Agj. 

REACTIONS IN THE WET WAY. 

For the reactions of silver in the wet way we employ a solution 
OF argentic nitrate, N02Ago. 

HCl (sroup-reagrent), and soluble ctaorides (NaCl, etc.), give a 
white curdy precipitate of artrentle cbloride, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 

* Lead free from silver, prepared from plumbic acetate. 

H 2 
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chloric acids ; readily Boluble in ammonic hydrate, potassic cyanide 
and sodic hyposulphite ; soluble also to a perceptible extent in con- 
centrated hydrochloric acid and in saturated solutions of alkaline 
chlorides, more particularly when heated, whence the dissolved 
argentic chloride is, however, reprecipitated on dilution with 
water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. The 
white powder fuses ; it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver, and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argrentlc oxide, OAg2, in the form of 
a brown powder, which, on strong ignition, gives off oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 
soluble in excess. 

SH2 precipitates black argentic sulphide, SAg2, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2 (or any soluble sulpblde) precipitates from neutral solu- 
tions black argentic sulphide. 

HI or KI gives a yellowish precipitate of argentic Iodide, AgT, 
insoluble in dilute nitric acid ; almost insoluble in ammonic hydrate 
(DiSTmCTiON BETWEEN AgCl and Agl). 

HBr or KBr gives a yellowish-white curdnj precipitate of argentic 
bromide, AgBr, insoluble in dilute nitric acid ; difficultly soluble 
in ammonic hydrate ; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of argentic cyanide, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
acid ; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid ; it is decomposed also when 
heated by itself in a porcelain crucible, to paracyanide, metallic silver, 
and cyanogen gas (distinction from AgCl, AgT, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver, and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now N2O4CU0" : an equivalent quantity of copper (63*5 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury into a concentrated solution of 
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argentic nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed arhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, N204Hgo". Metallic 
silver is precipitated and forms with the mercury an amalgam 
which is crystalline. This crystalline mass is termed a silver tree 
(arbor Dianoe). 

Strips of the metals Zd, Fe, Sn, Sb, Pb may likewise be employed 
for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., displacement of one element by another element. 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom ; or a 
yellowish -white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered ofE and fused on charcoal, 
before the blowpipe, to a brilliant globule. 

The cause of the reduction of argentic salt must evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly with oxygen, and the OAg2 (in two molecules of NO^Ago) 
parts with its oxygen and yields a deposit of metallic silver. 

This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 
matter — being formed by the oxidation of the organic substances. 

r CH 
Ignite a few crystals of argentic acetate, < rir\\ » in a covered 

porcelain crucible. Heat gently at first, and strongly, as soon as no 
more fumes are given off. A mass of frosted silver is left, having 
the shape of the original crystals. 

QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared ? 

2. Why do HCl, HI, etc., precipitate silver from its solutions ? 

3. What change takes place when silver glance is roasted in a tube ? 

4. How is Ag separated from Pb in the dry way? 

5. Write out the equations for the reactions of silver in the wet way. 

6. GKve the graphic formulee for silver glance, dark r^d silver ore, proustite, and 

fahl ore. 

7. How much NaCl will be required to convert 1*5 grm. of NOjAgo into 

AgCl? 
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8. A dilute solution of hydrochloric acid (containing '00365 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with NOaAgo. 
Ho-w much AgCl by weight do we get from 150 c.c. of the acid solu- 
tion ? 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate ? 

— ^ . . " . f OH 

10. What is the percentage composition of argentic acetate, •< nOAffo ^^^ ^^^ 

much silver will be left, when '451 grm. of acetate is ignited ? 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate ? 

12. What change does AgCy imdergo upon ignition ? 



2. LEAD; Pb" and *'^. Atomic weight, 107. — Occurs in nature 
chiefly in combination with sulphur, as PbS", in galena; also as 
CARBONATE, in lead spa/r or white lead ore, COPbo" ; as sulphate, in 



lead vitriol, SO^Pbo", in leadhillite, ^>^Pbo"Pbo", and in lanarhite 

so,?^^l 

CO 

Q^ Pbo"2 ; as oxychloride in mendvpite, PbCl2,2PbO, graphic 

formula : — CI — Pb — O — Pb — O^Pb — CI ; as phosphate and oxy- 
chloride, in pyromorphite, PsOsPbo"* ( pi^^" )• 

examination in the dry way. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassic cyanide, and in the 
yellow incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a blue colour to the 
flame. The change which te^kes place when galena is heated with 
sodic carbonate in a crucible, out of contact with air, is expressed 
by the equation : — 

7PbS -h 4CONao2 = 4Pb -h BPbNasj + SOzNaoa + 4CO2 ; 

Fusible slag. 

but when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the slag is 
avoided, thus : — 

PbNasa -h 70 -h CONaoz = Pb + 2S02Nao2 + COs. 

When galena is roasted in a glass tube open at both ends, it is 
converted into SOjPbo", PbO and SO^, thus :— 

(1) PbS + 04= SOaPbo". 

(2) PbS + 03 = PbO + SO2. 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass (owing to the combination of the 



LEAD. 103 

PbO with the boric or phosphoric acid, and formation of a sodic 
plumbic borate or phosphate), which is colourless when cold. 

All lead minerals, especially the antimonial sulpho-salts, houlangeritef SbiPbss, 
hournonitef Sb2Pb8"2(Cu2S"2)>" jamesonitey Sb4S3PbB"PbB"2» and argentiferous 
galena f contain more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp. silver, page 99) . 

The presence of antimony, arsenic, and sulphur reveals itself, when these ores 
are heated on charcoal (garlic odour and fumes of As^Os, or Sb203),or in a glafis 
tube open at both ends (white sublimate, fumes, and odour of SO2). 

KBACTIONS IN THE WET WAY. 

For the reactions of lead in the wet way we employ either A 

NO / { CH \ 

SOLUTION OF PLUMBIC NITRATE, >T0^"^^°"' ^^ ^^^^^^^ ( \ CO 7*^^^" ' 

most other plumbic salts being insoluble in water. 

HCl (group- reasent), or soluble cbloriiles give, with a not too 
dilute solution of plumbic salts, a heavy white precipitate of plumbic 
cblorlde, PbClg, soluble in much cold water, readily in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of the 
composition, PbHoCl {plumbic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHoz, soluble in 
excess of the reagent, especially on heating. The PbHo2 must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

SH2 precipitates black plumbic sulphide, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

rPbCl 
cipitate is reddish-brown, consisting of < S , (dijplumbic suljpho- 

LPbCl 
dichloride). On diluting considerably with water, a black precipitate 
is obtained. 

SAm2, or soluble sulphides, precipitate likewise bUbck PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 
formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into SOjPbo" ; the oxidation extends to the sulphur, as well 
as to the lead. 

S02Ho2, and soluble sulphates, precipitate white plumbic sul- 
phate, S02Pbo", almost insoluble in water, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such as 
sodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H02, SAm2, or 
Cr02Ko2, precipitate the lead again. Boiling with sodic carbonate 
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converts SOjPbo" into insoluble COPbo". Plumbic salphate sepa- 
rates from dilute aqueous solutions only on the addition of alcotol 
(methylated spirit). 

Gr02Ko3 precipitates yellow plumbic chromate, Cr02Pbo" 
{chrome yellow), readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONaoa, as well as C0Ko2and C0Amo2, give a white precipitate 
of a basic carbonate (white lead), of varying composition, usually 
considered to contain two molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., co^OPhH n^^" (triplunibic 

dihydrate dicarhonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plumbic Iodide, Pblg, soluble 
in excess of the reagent ; also soluble in much hot water, fix)m which 
it separates on cooling in beautiful golden-yellow scales. 

KCy precipitates white plumbic cyanide, PbCy2, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble phosphates f arsenites and arsenates^ silicates, borates, oxalates, tar- 
trates, citrates, ferro- and ferrici/anides give precipitates with plumbic salts, which 
are insoluble in water, but soluble in dilute nitric acid. These precipitates 
possess, however, only a secondary interest. 

MetaUic iron or zinc precipitates lead from its salts. This is seen veiy 
strikingly on dissolving a few ounces of plumbic acetate (sugar of lead) in dis- 
tilled water, with the addition of a Uttle acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metaUic lead, which increases rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
(arbor Satumi). The metaUic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead ii.e., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution, 
in the form of zineic acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metaUic zinc, before and after immersion, 
as weU as the precipitated lead. 

Heat a Uttle red lead, 'Phjd^^* in a small porcelain crucible or in a test-tube, 
to which a deUvery-tube is attached. Oxygen gas is given off, which DMiy be 
coUected in the usual manner over water. The residue is dark yellow, and on 
cooling turns bright yeUow. It consists of plumbic oxide, PbO (litharge), 
according to the equation : — Pb304 = 3PbO + O. 

Treat a Uttle P13304 with dUute hydrochloric acid in a test-tube, and heat 
gently. A greenish-yeUow gas comes off, and the red lead dissolves to plumbic 
chloride. The gas is readUy recognized, by its odour, as chlorine : — 

Pb804 + 8HC1 = SPbCla + Clj + 40H2. 

Treat another portion of red lead with dilute nitric acid. The red colour 
changes to brown — the colour of plumbic dioxide, Pb02. The reaction is ex- 
pressed by the equation : — 

Pb304 + 4NO2H0 = 22q2pi,o// ^ p^jO^ + 2OH3. 



* The composition of commercial red lead is more correctly expressed by the 
formula Pb405. 
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Lead can thus combine either with one or two atoms of oxjgen to form PbO 
or PbOj; it can exist in the dyad or tetrad condition (Pb* and Pb*^) and red 
lead is obviously composed of two oxides, of Pb^^Oj + 2Pb''0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically : — 

Pb^^Pbo^a =- Pb/ \pb<^NPb (Triplumbio tetroxide). 

» 

The minerals plattnerite, PbOj, and minium, Pb304, represent the corre- 
sponding natural oxides. 

It is eyident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SO3H02 forms with PbOa a sulphate, oxygen being given off. 

PbOs absorbs sulphurous anhydride abundantly, forming SOjPbo*. 

HOI liberates chlorine from plumbic dioxide. 

Minium or red lead, and the brown plumbic dioxide are powerful oxidizing 
agents. They furnish us likewise with ready means for preparing chlorine gas. 



QUESTIONS AND EXERCISES. 

1. Calculate the percentage composition of plumbic acetate. 

2. How much oxygen by weight and by volume (at 0° C. and 760 nun.) can be 

obtained from 30 grms. of red lead ? 

3. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Pb be separated from Ag, in the wet way ? — 1st, by using hydro- 

chloric acid ; 2nd, potassic cyanide ; 3rd, sulphuric acid, as a precipitant. 

5. Give graphic formulae for white lead, red lead, plumbic acetate, mendipite, 

plumbic chlorohydrate, plumbic nitrate and chromate, diplumbic sulpho- 
dichloride. 

6. How much HCl by weight will be required to decompose 10 grms. of red 

lead ; and how much chlorine gas will be evolved — 1st, by weight j 2nd, by 
volume at (f 0. and 750 nam. pressure ? 

7. How would you separate Pb and Sb in type metal ? 

8. Describe how you would analyse an alloy of 5 parts of lead, 3 parts of tin, 

and 8 parts of bismuth, a so-caiSledi fusible alloy melting at 98° 0. 

9. Calculate the percentage composition of Pb4Sb (type-metal). 



3. MERCURY!-— (Mercarosum) 'Hg'2. Atomic weight 2 X 

200.— 

NO 

We employ A solution of mebcubous nitrate, -ksq^^^"- 

HCl (sroup-reairent), or soluble chlorides, give a white precipi- 
tate of mercurous cblorlde, 'Hg'sGU (calomel), which is insoluble in 
dilute acids and is blackened by KHo or AmHo, tbe latter con- 
verts it into 'Hg'20 and mercurosavmionic chloride, NH2'Hg'2Cl. 
Mercurous is converted into mercuric chloride by the addition of 
chlorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiling, into HgCl2 and grey metallic mercury. 

NO 
Nitric acid oxidizes it readily into HgCl2 and jjQ^Hgo", with evolu- 
tion of nitrous fumes. Dry 'Hg'2Cl2 sublimes unchanged. 

NaHo or KHo gives a hlach precipitate of mercurous oxide, 
'Hg'20, insoluble in excess. 



106 MEROUROSUM, 

AmHo produces a hhich precipitate of basic dlmercurosaminonle 

nitrate by the substitation of 'Hg'a for 2 atoms of hydrogen in two 
of Amo, thus : — 

2j}o^Hg.o" + 4AmHo = N,03'Hg'ao"[§g^'Hg',0.]" 

Basic dimercurosammonic nitrate. 

+ 2NO,Amo + 3OH2. 

The precipitate is insoluble in excess. 

SH2 precipitates hlack mercurous sulphide, 'Hg'2S,* insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potassic 
sulphide. When boiled with concentrated nitric acid, the second 

NO 

atom of mercury in 'Hg'gS is converted into j^Q^^Hgo", and a white 

compound of mercuric nitrate and sulphide, nc/oh y^^» ^® 

formed. 

SAma produces the same black precipitate. 

A clean strip of metallic copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The more electro^ 
positive metalsy Cu, Cd, Zn, Fe, Pb, Bi, precipitate the less electro- 
positive vietal Hg. 

SOH02, SOaFeo", or SnCla produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey de- 
posit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus : — 

JJ^'Hg20" + SOH02 + OH2 = 2Hg -f 2NO2H0 -f SO2H02. 
3j}2^Hg2o" -f 6SO,Feo" = 6Hg -f 2(S02)3Fe20^ -h (N02)6Fe2ovi. 

^^'^Hg2o" -f SnClj + 2HC1 = 2Hg -f SnCl, + 2N0aHo. 

Mercurous salts act thus the part of oxidizing agents, when 
coming in contact with more powerful reducing agents : a property 
which in conjunction with the reduci/ng action which they exert under 
favourable circumstances, proves clearly that the double atom 'Hg'2 
possesses but little chemical afl&nity for other elements, and that the 
compounds which it forms are rather tmstahle, 

* This compound appears to be a mixture of mercuric sulphide and mercury, 
as is shown by the ready action which concentrated nitric acid has upon it. 
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QUESTIONS AND EXERCISES. 

1. Write out the graphic formulee of calomel^ mercurous nitrate, mercurous 

oxide, mercurosammoiiic chloride, basic dimercurosammonic nitrate. 

2. Write out equations for the reactions which mercurous compounds giye in 

the wet way. 

3. How can mercurous chloride be converted into mercuric chloride? Q-ive 

equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SO2H02 and NaCl by weight will be required ? 

5. Explain the action of metallic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon mercurous sulphide ? 

7. In what manner can mercuric and mercurous chlorides be distinguished from 

each other by the reactions in the dry way ? 

8. State under what conditions mercurous salts play the part of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Gronp I will readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

Ist. The solubility of PbCU in hoiUng water, 
2nd. The solubility of AgCl in AmHo. 

3rd. The conversion of the HgaCla into black NH3'Hg2'Cl by the 
action of AmHo. 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 



Before proceeding to the study of the reactions for acids, the 
student will do wqU to tabulate according to some such scheme as 
the one given on p. 52, the knowledge gained of all the metallic 
oxides and hycl/rates, sulphides, carbonates, neutral as well as basic, 
etc., and to commit the reactions to memory. 

He will also gain much precise information by working out in a 
tabular form and illustrated by equations : — 

(1.) The solubility of all the metals hitherto treated of — 

(a.) In dilute and concentrated hydrochloric acid. 
(6.) In dilute and concentrated nitric acid, 
(c.) In dilute and concentrated sulphuric acid, 
(i) In aqtui Begia. 

The information given in my Introduction to Inorganic Chemistry, 
III Ed., pp. 96, 101 and 102, 117, 118, 119 and 120, should be con- 
suited, as well as that found in this work under each metal. 

(2.) The solubility of the metallic oxides and sulphides obtained 
by double decomposition in the wet way, in the different acids, in 
caustic alkalies, and in alkaline sulphides. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP I. 

1. Test a sample of galena for silver iu the dry -way. 

2. Analyse a sample of rubif silver in the dry and in the wet way. 
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3. You hare giyen to jou some precipitated argentic chloride, dilate HCl, and 

a strip (3 metallic zinc. How would jou prepare pure metallic silyer ? 

4. Analyse a solution, containing 010 grm. of Ag, asHOiAgo, '100 gmu of Hg, 

as Hj04Hg8o" and -010 grm. of Pb, as Hj04Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about '010 grm. of Ag, is added to a hot saturated solution of KCl. 

6. You hare given to jou a mixture of red lead and calomel. What takes place 

when the mixture is treated with HCl ? 

7. Analyse a mixture (about *0&0 grm.) of white arsenic and corrosive sublimate, 

both in the dry and wet way. 

8. Test a commercial sample of baric chloride for lead. 

9. Test a sample of white lead paint for impurities, insoluble in dilute nitric 

acid, and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure HOjAgo from an alloy of copper and silver. 



Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inorganic Acids. 

CARBONIC ANHYDRIDE, CO,.— Occurs in the atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbonates, which have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRY WAY. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. At very high temperatures they 
are somewhat volatilized. The acid carbonates of the alkalies are 
reduced by heat to normal carbonates, with evolution of COj. The 
carbonates of all other metals are decomposed more or less readily 
into oxides (or metals), carbonic anhydride (and oxygen) being 
given off. Baric and strontic carbonates require the strongest white 
heat for their decomposition ; calcic carbonate requires a strong red 
heat. All the others are readily decomposed on heating. The 
evolved carbonic anhydride is a colourless and almost od9urless gas, 
heavier than air, and can be poured from one vessel into another. 
When poured or passed into a test-tube containing lime- or baryta- 
water, a white precipitate is obtained, owing to the combination of 
the carbonic anhydride with the caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

All normal carbonates may be divided into — 

1st. Garhoimtes which are soluble in water ^ consisting of the 
carbonates and bicarbonates of the alkah metals and pos- 
sessing an alkahne reaction. 
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2nd. Carbonates which are insoluble in water, a few of whioli are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SH2). The decomposi- 
tion is marked by strong effervescence and evolution of CO2. (A 
few native carbonates, such as spathose iron ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of acid carbonates) confirms the 
presence of CO2. 

Metallic sulphites, sulpliides, and nitrites are likewise decomposed by dilute 
acids with evolution of a gas ; but the evolved SO2, SH2, or N2O3 gases are 
readilv recognized by their characteristic odour or colour. In order to recognize 
OO2 m the presence of SO2 or SH2, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed with an acid, or into bromine water, or a 
solution of a cupric or ferric salt, and then through lime- or baryta-water. 

QUESTIONS AND EXERCISES. 

1. How would you prove experimentally the presence of carbonic anhydride, 

1st, in spring water j 2nd, in atmospheric air ; 3rd, in white lead ; 4th, in 
coal gasp 

2. Classify all metallic carbonates according to their respective deportmient, 1st, 

on ignition ; 2nd, on treatment with water j 3rd, in contact with excess 
of OO2. Give examples. 

3. What change takes place when tartaric acid and hydric potassic carbonate 

are mixed together ? 

4. Which is the most characteristic reaction for CO2 ? 

5. How would you recognize the presence of CO2 in a gaseous jnixture, contain- 

ing SO2 and CO2, or SHj and COj ? 

6. How much CO2, by weight and by volume, can be obtained from 1*235 grm. 

of COCao" ? 

7. What change takes place, 1st, when a current of CO2 is passed through cold 

water in which finely divided chalk is suspended j and 2nd, when the 
liquid is heated to boiling, subsequent to the passing of the gas ? 

8. Explain the occurrence of CO2 in mineral waters and in atmospheric air. 

9. Explain the effect of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to prevent them ? (Comp. p. 19.) 



SULPHURIC ACID, SOaHoa.— This is one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — the sulphates, most of 
which have already been enumerated in treating of the natural com- 
pounds of the various metals. 

REACTIONS IN THE DRY WAY. 

On heating a sulphate on charcoal, in the reducing flame. 
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together with CO]Srao3 (free from sulphate), sodic salphide is 
formed thus :— 

SO^Mgo" 4- 20 -h CONaoa = SNa^ + MgO + 3CO2. 

The fused mass gives off SH2, when treated with a strong acid 
(HCl), readily recognized by its odour. When placed on a bright 
silver coin and moistened with a drop of water, it produces a black 
stain of argentic sulphide. This reaction applies, however, to all 
sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SO2H02 any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. 
Acid sulphates (SO2H0K0, etc.) are converted at a bright red heat 
into normal sulphates, with evolution of strong sulphuric acid. 
Other metallic sulphates become decomposed more or less speedily 
on ignition, giving off sulphuric or sulphurous anhydride and 
oxygen, according to the nature of the mete.1, e.g. : — 

2S02Feo" = PeaOa 4- SO3 4- SO2. 
SO2OU0" = CuO 4- SO2 4- O. 



REACTIONS IN THE WET WAY. 

A SOLUTION OP POTASSic SULPHATE, SO2K02, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaOl2 or N204Bao" gives a white finely divided precipitate of 
baric sulpbate, S026ao", insoluble in dilute acids. Oare must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distinguishes SO2K02 from all other acids, except hydro- 
fluosilicic acid, 2HF,SiF4, and selenic acid, Se02Ko2, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce tohite precipitates of 
stronttc, calcic, and plumbtc sulphates, which are more or less soluble in 
large quantities of water : S02Cao" being the most soluble (in about 500 parts 
of water), SOjSro" dissolving in 7,000 parts of cold water, and S02Pbo" in 22,000 
parts of water only. 

Since barric salts answer every purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul- 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueous 
solutions by the addition of strong alcohol. 

In order to detect free sidphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a little cane 
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sugar. A blackened or charred residue indicates free sulphuric acid, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluble sul/phaie can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate : more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus : — 

SOjBao" 4- CONaoKo = SOaNaoKo 4- COBao". 
SOzPbo" + CONaoKo = SOaNaoKo 4- PbO 4- CO2. 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration from the soluble alkaline 
sulphate. The residue is examined as usual 'for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
baric chloride. Calcic sulphate dissolves in ammonic sulphate and 
a little AmHo ; plumbic sulphate in ammonic acetate or tartrate, or 
in sodic hyposulphite. 

QUESTIONS AND EXERCISES. 

1. Classify aU metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way ? 

3. Explain the action of heat upon the different metallic sulphates. 

4. How is free sidphuric acid detected ? 

5. Describe shortly in what manner S02Bao", SOaSro", S02Cao", and 

SOjPbo" differ from each other with regard to their solubility in water, 
and their respective deportment with various other solvents. 

6. How are insoluble sulphates examined qualitatively ? 

7. 1*648 grm. of a sample of soda-ash yielded '234 grm. of SOjBao'^ j what is 

the percentage of sodic sulphate in the ash ? 

SULPHUROUS ACID, SOH02.— Obtained as gaseous an- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides {pyrites, blende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which combines with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates., This property causes 
sulphurous acid, or metallic sulphites, to be of considerable inte- 
rest. 

REACTIONS IN THE DRY WAT. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as Mn02, PbOa with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SOj from a 
gaseous mixture, the latter is usually passed over Pb02. 
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Manj solid sulphites are decomposed bj heat into solphates and 
sulphides, thus : — 

4S0Nao, = SSOJ^ao, + SNa,. 

The earth J sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF soDic SULPHITE, SONaos, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal banc, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
normal salts are reprecipitated on boiling. They are also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (SOaMgo^^ excepted). 

Sulphites generally contain sulphates. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to the 
filtrate, a further precipitate is obtained, showing the presence of a 
sulphite. 

Traces of sulphuroas acid are distinguished with difficulty by the odour alone, 
and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action wluch the acid can exert. 

1. Sulphurous acid acts as a powerful reducing agent. 

NOjAgo giyes with sodic sulphite a white precipitate of arp'entic sulphite, 
SOAgOs, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the separation of metallic silver, and conversion of the 8OH03 
into 8O2H02) according to the equation : — 

S0Ag02 + OH2 = Ag2 + SOaHoa. 
ll'304Hg2o'^ produces a grey precipitate of metallic mercnry, thus : — 

SOHgjo" + OH2 = Hg2 + SO2H02. 

The instances of the reducing action of sulphurous acid are very numerous ; 
we need only refer here to its action upon solutions of AnClj, CrOjHoa, 
FOaCls, and others, already noticed under the respective metals. 

2. Under favourable circumstances sulphurous acid acts as an oxidizing agent ^ 
especially when brought in contact with other more powerful reducing agents, 
such as nascent hydrogen, SH2, SnCla, etc. Thus, by introducing the least trace 
of SOH02, or a sulphite, into a flask, in which hydrogen is generated from zinc 
and hydrochloric acid, SH2 is immediately evolved, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change is 
expressed as follows : — 

SO2 + 8H2 « SH2 + 2OH2. 
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SO3 and SH2 giye rise to the formation of pentathionic acid, with precipi- 
tation of white sulphur, according to the equation : — 

r SO2H0 
5SO2 + 5SH2 = ^ S3 + S5 + 4OH2. 

[ SO2H0 

Pentathionic * 

acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SnS2. The hydrogen of the hydrochloric 
acid acts as the reducing agent, and is detached from the chlorine by the simul- 
taneous action of the SnCl2 and SO2, the one eager to combine with chlorine 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti 
mately sulphur, to form SH2, which in its turn acts upon the stannic chloride 
SnCl4, (or SnCy, to form yellow stannic sidphide, SnS2 (or brown SnS) 
The following equations express the changes : — 

(1) SOH02 + 3SnCl2 + 6HC1 = 3SnCl4 + SHj + SOHj. 

(2) SnCl4 + 2SH2 = SnS2 + 4HC1. 

Yellow 
stannic sulphide. 



QUESTIONS AND EXERCISES. 

1 . Describe different methods o preparing sulphurous anhydride. 

2. How would you prepare normal and acid potassic sulphite ? 

3. What is the action of heat upon sulphites ? 

4. Which sulphites are soluble and which are insoluble in water ? 

5. G-ive illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what circumstances sulphurous acid can act as an oxidizing 

agent ; give instances of sucl^action. 

7. How would you distinguish sulphurous in the presence of sulphuric acid ? 

8. What changes take place when a mixture of dipotassic dichromate and sodic 

sulphite is treated with concentrated HCl ? Give equations. 

9. How would you fix the sulphurous acid produced by the combustion of ca: - 

bon disulphide contained in coal gas ? 



HYPOSULPHUROUS ACID, SSOHo, (sulpho-sulpkuric 
add.) — This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
(the hypo, of the photographer), obtained by boiling a solution of 
sodic sulphite with sulphur, or by the oxidation of an alkaline per- 
sulphide in contact with the air. 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4(SSONao2) = SsNaj -f SSOzNao,. 

Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the silphur. - 

I 
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REACTIONS IN THE WET WAY. 

A SOLUTION OP soDic HTPOSULPHiTB, SSONaoj, is employed. 

Most liyposiilpliites are soluble in water (baric byposulpbite is 
difficaltly soluble in cold water), and their solutious may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case when sulphur separates in chemical reactions. 
This chcmge characterizes hyposulphites. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

N02Ago gives a white precipitate of arsenttc liyposiilplilte, 
SS0Ag02, soluble in sodic hyposulphite, which speedily turns 
yellow, then brown, and lastly black (SAg2), especially on the 
application of heat, thus : — SS0Ag02 + OH2 = SAg* 4- SO2H02. 

Mercurous nitrate and plumbic acetate give similar precipitates, 
which are decomposed by heat into Hg2S or PbS, and sulphuric 
acid. 

SnCU g^ves a brown precipitate of SnS. 

Hyposulphites, like sulphites, are readily oandizedf but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric -chloride, etc., oxidize hyposulphit-es 
completely to sulphates, even in the cold, thus : — 

SSONaoa + 4Clj + SOHj « 2S03HoNao + 8HC1. 
SSONaoj + 4ClNao + OH2 = 2S02HoNao + 4NaCl. 

SSONaO] gives with FejCl^ at first a reddish-violet coloration (difference 
BETWXBK suLPHrrBS AND HYPOSULPHITES), hut on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of FeClj, thus : — 

SSONaoa + 4Pe2Cl« + SOHj = 2S02HoNao + SFeClg + 8HC1. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the 
acid sulphuretted hydrogen : — 

SSONaoa + 4H2 + 2HC1 = 2SH2 + SOHa + 2Naa. 

Sodic hyposulphite is a useful solvent for AgCl (hence its application in photo- 
graphy), HgToClj and S02Pbo". Calcic hyposulphite, SSOCao", has also found 
an interesting application, as an agent for removing the last traces of chlorine in 
the bleaching of paper pulp, and from fabrics bleached by means of hleaching 
powder J to prevent their deterioration by the traces of chlorine which they are 
apt to retain. It has on that account received the name of antichlor. The free 

• Becent investigations (Deut. Chem. Q-es. Ber., vii, p. 646) render it pro- 
bable that the composition of hyposulphites is not SSOB02, but S02K8,Eo (B » 
monad metal) . 
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hydrochloric acid which is formed in the reaction is neutralized by passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolying AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which con- 
verts the silver into AgCl, insoluble in water. 

Besides the three oxygen acids of sulphur just described, there 

{SO Ho r ^^2-^^ 

Oi-k^TT ^ trithionic, < S , tetra- 

SO,Ho \sOaHo 

rsOaHo rsOjHo 

thionic, < S2 and pentathionic acids, < S3 , which occur but 

L SO2H0 L SOsHo 

rarely, and resemble one another considerably in their reactions. 
Theiii consideration must be reserved for a more extensive course of 
study. 

QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How .would you prepare ferrous, aluminic, chromic, and manganous hypo- 

sulphites ? 

3. How are hyposulphites affected by ignition ? 

4. What change takes place, when a solution of calcic hyposulphit-e is boiled, 

Ist, by itself, 2nd, when it is treated with HCl ? 

5. Explain the action of sodic hyposulphite upon plumbic, argentic, mercurous 

and stannous salts. 
6 G-ive instances, let, of the reducing action, and 2nd, of the oxidizing action 
of hyposulphites. 

7 . Explain the term antichlor. 

8. State what application sodic hyposulphite has found in photography and in 

metallurgy. 

9. Give graphic formulae for sulphosulphuric, dithionic, trithionic, tetrathionic 

and pentathionic acids. 
10. How would you separate baric hyposulphite from baric sulphate ? 



HYDROSULPHURIC ACID, SH^.— Obtained as a colour- 
less gas by the decomposition of certain metallic sulphides, such as 
PeS, ZnS, Sb^Sa, by means of sulphuric or hydrochloric acid. It 
is characterized by a most foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphuric acid, which reddens blue litmus- paper 
feebly. Hydrosulphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in the dry and wet way, forming water 
aud metallic sulphides. It is on this account a most valuable 
reagent. Many of the native sulphides, e.g.^ iron jpyrites^ galena, 
ciiindbar, zinc blende, are met with in vastHhasses. 

REACTIONS IN THE DRT WAY. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close 
vessel, into metal and sulphur, e.g,, AUjSs ; some sulphides, such 

I 2 
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as PtS2, PeSj, SbjSs, 81182, PbS yield up a portion of their 
sulphur and are reduced to PtS, FeSi, SbgSg, SnS, Pb^S ; others 
sublime without decomposition, such as AS2S3 (orpmient), HgS 
(cinnabar). The greater number of metallic sulphides remain, 
however, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open 
at both ends. SAga leaves metallic silver (usually also a little 
S02Ag02), the sulphur by combining with oxygen, passes off as 
SO2 ; some sulphides leave a metallic oxide, e.g., SnS, Sb2S3, 
31283; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide (galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields ^S02 
and CuO j at a lower temperature SO2CU0". PeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat, lose their acid, leaving 
metallic oxides. Many native metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper pyrites, galena, grey 
antimony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution of SO2, since earthy sul- 
phites are broken up, on ignition, into oxides and sulphurous 
anhydride. 

REACTIONS IN THE WET WAY. 

Alkaline and alkaline earthy sulphides are soluble in water (CaS 
and MgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH2. All other 
sulphides are insoluble in water. Several of the latter, such as PeS, 
MnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as NiS, CoS (difficultly soluble), SbgSg, SnSz, 
PbS. Sulphides which are insoluble, or difficultly soluble, in concen- 
trated hydrochloric acid, such as Bi2S3, CaS, SAgg, PbS, AS2S3, are 
decomposed by concentrated nitric acid ; they are generally oxidized 
into sulphates — at first with separation of sulphur which, by pro- 
longed digestion, is for the most part converted into sulphuric 
acid. Others, such as HgS, PtS2, AU2S3. (AS2S3) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, wil h separation of 
sulphur and formation of SO2H02, and of a metallic chloride. On 
dissolving PbS, SnS2, SbaSs, ASjSj, in concentrated nitric, instead 
of hydrochloric acid, they are converted principally into S02Pbo", 
Sn02, SbaO*, AS2O6. 

To detect SH2 (in aniaqueous solution) or a soluble sulphide (a 
solution of SAm2 may be conveniently employed), add a solution of a 
•alt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulpburetted hydrogen gas is made to act upon lead paper 
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or is passed through a solution of a plumbic salt. (^Iron pyrites ^ 
PeSz, and copper pyrites, CU2S,Pe2S3, give off SHg onlj in the 
presence of hydrochloric acid and zinc). 

Sulphides' which are not decomposed by hydrochloric acid, yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognized by this and the products of decomposition, such as 
Sn02, S02Pbo", as well as the reactions which they give, when 
examined in the dry way. 

Many native sulphides, such as fahl ore, etc., are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into chlorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into water. 

To detect a soluble alkaline sulphide in the presence of free SH2, add a few 
drops of a solution of sodic nitroprusside. This reagent does not affect free 
SHj, but gives a fine purple colour with the merest traces of soluble sulphides. 
The colour disappears only after some time. It does not show in the presence of 
free caustic alkalies. 

A mixture containing a soluble alkaline sulphide, hyposulphite, sulphite, or 
sulphate m&j be examined by adding OOCdo* to the aqueous solution. Filter, 
dissolve the excess of OOCdo" in the precipitate by means of dilute acetic acid j 
a residue of yellow CdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaCl2 ; a precipitate is obtained, consisting of SOjBao'^ and SOBao*. 
Filter off ; digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of S02Bao'' indicates the presence of an alkaUne sul- 
phite. The filtrate from the BaCl2 precipitate is searched for SSOH02 by the 
addition of HCl and boiling. A precipitate of yellow sulphur and the odour of 
SO2 indicates the presence of a hyposulphite. 

To remove SH2 from a gaseoud mixture of CO2 and SHc^ add a solution of 
cupric chloride and shake up with the gases. 



QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when hydrosulphurio acid is passed 

through saline solutions, the metals of which form insoluble sulphides. 
G-ive instances. 

2. Explain the action of heat upon the different metallic sulphides. 

3. Which sulphides are soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. Give characteristic instances, 
and express the changes by equations. 

5. Describe the most delicate reaction for gaseous SHq. 

6. What is the action of nitric acid upon ZnS, PbS, CuS, SnS, SbgSa ? 

7. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SH2 and CO2 contained in a gaseous mixture. 

9. How can you prove the presence of SH2 in coal gas ? 

10. 10 Htres of unpurified coal gas yielded '235 grm. of CdS. What is the 

percentage of SH2 in the gas ? 

11. 650 grm. of galena gave 532 grm. of S02Pbo". What is the percentage of 

Pb and of S in the galena ? 

12. What change takes place when PtS2, Sb2S5, FeSj, AsaSa, and HgrS are 

heated with exclusion of air ? 

13. How would you test for SH2 in sewer gases ? 

14. How would you detect sulphur in pig iron ? 

16. Explain the action of chlorine, bromine, and iodine upon SHj ? 
16. How is sulphur detected in organic compounds, such as coal? 
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NITRIC ACID^ NO2H0.— Obtained as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid. It is characterized by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

REACTIONS IN THE DRY WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base : a lower oxide of nitrogen 
and oxygen being generally given off. Thus ammonio nitrate, 
N02Amo, breaks up into 01^2 and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately, on the application 
of a stronger heat, into oxide or peroxide — nitrogen and oxygen 
being given off; others, such as plumbic nitrate, into O and N2O4, 
leaving the oxide of the metal. When heated together with bodies 
eager to take up oxygen, such as carbon (charcoal, alkaline cyanides, 
etc.), sulphur or phosphorus, the decomposition becomes explosively 
violent, and nitrogen gas only is left as the remnant of the molecule 
N2O6. (Chlorates explode in like manner, but leave metalHc chlo- 
rides.) 

REACTIONS IN THE WET WAT. 

With the exception of a few basic salts, nitrates are readily 
soluble in water ; hence nitric acid cannot be tested in the usual 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen) or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Reactions in which nitric acid is reduced to lower oxides of 
nitrogen, 

A SOLUTION OF NITRIC ACID OR OF POTASSIC NITRATE, NO2K0, may 

be employed. 

NO2H0 (or NO2K0) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas,* N2O2CI4, is evolved, and the liquid acquii-es 
the power of dissolving gold-leaf or platinum foil, which are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinum, but give off no N2O2.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 

* From the recent investigations of Tilden (Chem. Soc. Joum., July, 1874, 
p. 634) it appears that QcMf-Lassac^a N2O3CI4 gas is a mixture of nitrosyl mono- 
chloride, VOGl, with varying quantities of clUorixie. 
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two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on beating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N2O2, consisting of four molecules of the salt with one 
molecule of nitric oxide (4S02Feo",N202). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, SaOjFejO^. This con- 
stitutes one of the most delicate reactions for nitric acid. The 
change may be expressed thus : — 

•10SO2Feo" + 3SO2H02 + 2NO2H0 = SSaOeFeaO^ 

+ 4S02Feo",N202 4- 4OH2. 

A solution of a nitrate, when added to a solution of indigo in sulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents bleach indigo likewise) . 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hjdric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or 
very dilute sulphuric) acid, a fine blue precipitate of iodide of starch 
is produced, thus : — 

2NOK0 + 2KI + 2SO2H02 = N2O3 + 2SO2K0, + 12 + 20H,. 

This reaction is exceedingly delicate. 

2nd. Reactions in which nitric acid is enti/rely reduced^ a/nd its 
nitrogen converted into ammonia, 

AH nitrates when fused with caustic potassa, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
evolve ammonia, thus : — 

6NO2K0 + I8KH0 + C12H22OU = I2COK0, + CNHs + llOHg. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : — 

(1) Zn + 2KHo = ZnKoa + H3. 

(2) NO2K0 + 4H2 = NHb + KHo + 20H,. 



JS^' 



120 NITROUS ACID. 

When stannoTLS chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannous chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : — 

4SnCl2 + NO2K0 4- lOHCl = 4SnCl4 + NH4CI + KCl 4- SOH,. 

To detect free nitric acid in the presence of a nitrate, evaporate the solution 
on a water-bath with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with COBao^', 
filter off and test the filtrate for barium by means of sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. Explain what changes take place when nitrates are heated by themselyes. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 

3. Why can the metals Cu, Pb, Ag, be employed for the detection of nitric acid 

or a nitrate ? 

4. Explain what changes take place when a solution of potassic nitrite, potassic 

iodide, starch, and dilute sulphuric acid are mixed together. 

5. How can ammonia be obtained from a nitrate ? Describe several processes. 

6. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

7. How much ferrous sulphate (SOHoaFeo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

8. Calculate how much nitre is required to deflagrate, 1st, 1*5 grm. of sugar, and 

2nd, '5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate ? 



NITROUS ACID, NOHo.— Both the acid and anhydride are 
marked by their pronenessjto undergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

REACTIONS IN THE DRY WAY. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evblution of nitrogen and oxygen. Ammonic nitrite (NOAmo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fact, most 
of the dry reactions in common. 

REACTIONS IN THE WET WAY. 

All nitrites are soluble in water; argentic nitrite, NO Ago, 
although readily soluble in hot water, is difl&cultly soluble in cold 
water (300 parts), and serves for the preparation of pure nitrites, 
by double decomposition with neutral soluble chlorides. Dilute 
acids liberate NoOj and convert a portion of the nitrite into nitrate, 
thus : — 

3NOK0 + SO,Ho, = NjOj + NOjKo -|- SO,Ko, + OHa. 
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The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

Ist. Reactions in which the acid acts as an oxidizing ag&nt : — 

SH2 decomposes aqueous solutions of alkaline nitrites, with formation of 
N2O2 (of NH3 when the reaction goes on for some time) and alkaline sulphides, 
thus : — 

2NOK0 + 2SH3 = N2O2 + 2OH3 + S3K2. 

In acid solutions th^ decomposition is accompanied hy a copious separation 
of sulphur. 

FeCl2, on the addition of a little hydrochloric acid^ is turned dark brown, if 
a nitrite be present, owing to the absorption of N2O2 ^ by a portion of the 
unoxidized Krrous salt. On the application of heat N2O2 is eyolved, thus : — 

2FeCl2 + 4Ha + 2N'OKo ^ Tefile + 2KC1 + N2O2 + 2OH2. 

N0(NH40) breaks up, on the appHcation of heat, into N and OH2, the hydix>* 
gen of the NH4 acting as the reducing agent. Nitrites containing fixed bases ar« 
decomposed in like manner, on the addition of ammonic chloride (or some other 
ammonic salt), thus : — 

COAmoj + 2N'OKo = N4 + 4OH2 + OOK02. 

KI and starch solution give in the presence of a nitrite and a dilute acid blue 
iodide of starch. (See under HI, p. 133). 

When a dilute solution of a nitrite — say a polluted well-water — ^is added to a 
cold saturated solution of sulphate of diamidobenzoic acid and the nitrous acid 
liberated with a few drops of dilute acid (SO2H02), the solution acquires an 
intense yellow colour. As little as \ mgr. of N2O3 diffused in one litre of water 
can thus readily be discovered. 

2nd. Reactions in which the acid acts as a reducing agent, and is 
converted into nitric acid, thus : — 

2M'OHo + 02 = 2N'02Ho, 

AuCls and H8r20l2 give metallic gold and grey metallic mercury. 

i _ 0(0K { o^^i^^B nitrites into nitrates in the presence of a mineral 

acid (SO2H02, HCl), and the permanganate solution is rapidly decolorized. 

Cr205Eo2 is reduced under similar conditions to a chromic salt. Nitrates 
are not affected by potassic permanganate or alkaline chromates. 

Pb02 converts NOHo into NO2H0 j but does not act upon dilute fiT O2H0 
(distinction between niteous and nitbic acid). 

1; 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when N'204 is acted upon by XHo. 

2. Explain what takes place when nitrites are heated, 1st, by themselves ; 2nd, 

in contact with carbon or sulphur. 

3. How can NOXo be separated from NO2K0 ? 

4. What is the action of dilute sulphuric acid upon If OKo ? 

5. Give instances, Ist, of the oxidizing, and 2nd, of the reducing action of 

NOHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited N'204Pbo 

ir0(NH40), and NOKc ? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated lf02Ho, let, upon starch, 2nd, upon 
ijOs. 
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9. How would you prepare pure jrQCao" ? 

NO 

10. Explain the action of heat upon a solution of vQ^ao'' and AmOl. 



HYDROCHLORIC ACID, HCL— Gaseous hydrochloric 
acid is readily absorbed by water, and forms then one of the most 
useful acids. Chlorides are among the most important chemical 
compounds. They differ considerably in their physical properties. 

REACTIONS IN THE DRY WAT. 

Some chlorides are liquid and can be distilled without decom- 
position, such as SnCli, SbClt; SbCU is a soft grey crystalline 
fusible solid which distils at 226° C. ; others ai'e solid, fusible and 
non-volatile at a moderate heat, such as AgCl, PbCl2, BaCU, KCl, 
NaCl. Upon ignition certain chlorideSj such as AnCla, PtCli, are 
decomposed with evolution of chlorine gas, first into AuCl, and 
PtCU, which are almost insoluble in water, and finally into An and 
Pt. Magnesic chloride is decomposed by heat, in the presence of 
water, into magnesic oxy- chloride, MgaOCU, with elimination of 
2HC1. Anhydrous ferric chloride, when heated in contact with 
air, is decomposed into Pe20s and 3Cl2. 

Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a hlue colour to the outer Jia/iYie, owing to the 
formation of volatile CuCU. 

When a c^r^ chloride is mixed with dipotassic dichromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
deefp brownish-red gas, called cblorochromtc add, Cr02C]2, comes off, 
which condenses to a like-coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 

4NaCl + Cr205Ko2 4- 3SO2H02 = 2Cr02Cl2 + 2SO,Nao2 

CUorochromio acid. 

-f SO2K02 -I- 3OH2. 

This liquid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

Cr02Cl2 4- 2OH2 = Cr02Ho2 + 2HC1 ; 

or by aqueous ammonia or potassic hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizvng a chloride in the presence of a bromide. The latter yields 
bromine when treated similarly, and a colourless solution of 
NHiBr. 

The presence of an iodide, yielding free iodine, would give rise 
to the formation of explosive black insoluble iodide of nitrogen^ on 
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the addition of NH3 ; the reaction can, theref 01 e, only be performed 
after the previonr removal of the iodide. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF soDic CHLORIDE is employed. 

All chlorides may be divided into : — 

1st. Chlorides insoluble in water, Buch as AgCl and Hg2Cl2, 
which are qnite insoluble; PbCU, soluble in 135 parts of cold 
water, readily soluble in boiling water ; and CUgCls, almost insoluble 
in water and in dilate sulphuric acid; soluble in ammonia, HCl 
and NaCl solutions. AuCl and PtClj, are almost insoluble in water. 

2nd. Chlorides which are soluble in water, comprising all other 
chlorides. The majority of the chlorides of the most powerfully 
basilous metals, as K, Na, Ba, etc., are less soluble in aqueous 
HCl, than in OH2. 

The chlorides of the less basilous metals (with the exception of 
Hg and Ag) are decomposed by water, with formation of free acid 
and metalHc oxides, ex, gr. AsCls, or of some insoluble oxychloride 
(SbOla, BiCls), soluble, however, in excess of HCl. 

In order to ascertain the presence of a soluble chloride, or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers every purpose, and is therefore invariably 
employed to detect hydrochloric acid or a metallic chloride. 

NOzAgo gives a,white curdy precipitate of argentic cblorlde, AgCl, 
especially, from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoluble in 
dilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, from which AgCl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called hornsilver, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnOz 4- 2NaCl 4- 2SOaHo2 = CI, + SOaMno" + SOaNaoj 

4- 2OH3. 

This gas is readily recognized by its characteristic odour and 
bleaching properties, its yellowish-green colour, and its action upon 
iodized starch paper, or upon a dilute solution of potassic iodide and 
freshly prepared starch solution, giving rise to the formation of blue 
iodide of starch. 

Concentrated sulphuric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SOaHoa = SO^Naoj + 2HC1. 

HgCls, HgaCl,, AgCl, PbCl,, SnCla, and SnCli, are decom- 
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posed, with difficultj only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, Hg2Cl2, and PbClj, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides, and heated in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. The 
same may be effected also by galvanic action, by bringing the solid 
chlorides into contact with metallic zinc, when soluble ZnClz is 
formed. 

Traces oifree HCl, in the presence of a soluble chloride, are best detected by 
gently heating with MnOj or FbO^, and passing the evolyed chlorine into a 
solution of potassic iodide and starch. The chlorine liberates iodine (2KI + 
Cls = 2KC1 + Is), which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. How are the several solid chlorides acted upon by heat ? 

2. How is chlorochromic acid prepared ? 

3. Classify all chlorides according to their solubility in water. 

4. Describe the most characteristic tests for chlorine, as well as for hydrochloric 

acid or chlorides. 

5. How are insoluble chlorides examined ? 

6. How would you detect free HCl in the presence of a metallic chloride F 

^. Explain the action of distilled water, of chlorine water, ammonic hydrate, 
potassic cyanide, sodic hyposulphite, and sulphuric acid upon Agd, 
HffjCls, and FbCls. 

8. You haye given to you 100 c.c. of a Uquid containing free HCl and a solu- 
tion of sodic chloride. 50 c.c. of the liquid gave 2*345 grms. of AgCl. 
After evaporation and ignition of the other 50 c.c. the residue yielded on 
precipitation with argentic nitrate 1*596 grm. of AgCl. What is the per- 
centage of HCl and of sodic chloride in the Hquid ? 



CHLORIC ACID, | ^^^ .—Obtained in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation ; — 

;oci 

6CaHo2 + 6CI2 = I QCao" + SCaClj + 6OH2, 

add a solution of potassic chloride, when calcic chloride and potassic 
chlorate, < qx;©' *^® formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of calcic chloride, crystallizes out, and is waphed with cold 
water and purified by recrystallization. 
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REACTIONS IN THE DRY WAY. 

All chlorates are decomposed bj heat ; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving 
a residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. Oq dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a pure chlorate (unignited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substances, such as C, 
S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates are soluble in water. In order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolu- 
tion of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greenish-yellow gas, called chlorle peroxide, OiCU, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of 
the chlorate should, therefore, be employed, and the test-tube should 
be held with its mouth turned away from the operator. The change 
may be expressed by the equation : — 



+ OHj. 



3^0^ + 2SO2H02 = 2SO,HoKo + ^ + < O2 
^ ^^"^ [OKo LOCI 

Fota498ic Chloric 

perchlorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric peroxide and free chlorine, called 
euchlorine, thus : — 

8 s ri^ + 24HC1 = 3< O2 + 901, + 8KC1 + I2OH2. 

L^^^ loci 

A solution of indigo (sulphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
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phnric acid fails to decompose perchloric acid in the cold and with 
difficnlty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphurous acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate^ diseolye a Bmall portion 
of the two salts in water, and add a few drops of argentic nitrate to make sure 
that no chloride is present. Ignite another portion strongly* till the evolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a hlue coloration of iodide of starch 
proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride be present ^ as toell as a chlorate and nitrate j a solution of argentic 
sulphate must he added to the solution, as long as a precipitate comes down. The 
AgCl is filtered off, and the filtrate evaporated to diyness, with the addition of a 
little pure sodic carhonate, and the residue strongly ignited. The dry mass is 
extracted with a little boiling water, filtered, and argentic nitrate added to a por- 
tion of the acidulated (NO2H0) solution, as long as a precipitate comes down. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate undergoes on ignition. 

3. Explain the action — 1st, of concentrated sulphuric acid j 2na, of concentrated 

hydrochloric acid upon potassic chlorate. Q-ive equations. 

4. How can a chlorate be detected in the presence of a chloride ? 

5. How can a nitrate and a chloride be recognized in the presence of a 

chlorate ? 

6. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

arsenious acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 

HYPOOHLOROUS ACID, ClHo.-The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides,* by passing chlorine in the 
cold through a solution of the carbonates or hydrates. An im- 
portant compound closely related to the hypochlorites is the calcic 
chlorohypochlorite (a constituent of chloride of lime or bleaching 
powderf), which appears to be formed according to the equation : — 

CaHoa + CI2 = Ca(OCl)Cl + OH^. 

* In the case of the monad metals the body R'20Cl2 is a mere mixture of ClRo 
and RCl, whilst the calcic compound seems to be a definite compound of ClaCao" 
and CaCls = 2Ca(0Cl)Cl. 

f The actual composition of this important body is usually expressed by the 
formula :—Ca(OCl)Cl,CaO,20H2, requiring 32*42 p.c. of chlorine, more accu- 
rately, however, by that of Ca(OCl)Cl,CaHo2, which requires 35*32 p.c. of 
chlorine. 
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• Hypochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 
in air). Dilute acids liberate chlorine, and it is on this account 
that hypochlorites are of such great value as disinfectants and 
bleaching agents. 

REACTIpNS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thus : — 

fOCl 
6Ca(0Cl)Cl = JQCao" + SCaClj. 

1 OCl 

REACTIONS IN THE WET WAY. 

We employ A solution of calcic or sodic hypochlorite, 
ClNao. 

All hypochlorites are soluble in water. Their aqueous solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between hypochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides; the detection of hypochlorous acid is 
based upon the various processes of oxidation to which its salts can 
give rise, thus : — 

ASjOs is oxidized to ASzOs. 
MnCla „ „ MnOj. 
PbO „ „ PbOa. 

PbS „ „ SOjPbo". 

{c8ho " '' 200, + OH. 

Indigo or litmus is readily decolorized. 

QUESTIONS AND EXERCISES. 

1. Give the graphic formula for calcic chlorohypochlorite. 

2. G-ive illustrations of the oxidizing action of hypochlorites. Express the 

changes by equations. 

3. How is bleaching powder prepared ? 

4. Explain the bleaching action of an aqueous solution of a hypochlorite. 

5. Wliat change takes place — 1st, when a hypochlorite is ignited by itself ; 2ndly, 

when a concentrated solution of a hypochlorite is boiled ? 

6. Explain the deodorizing action of hypochlorites when brought in contact with 

SHa, SAmj, PHa, NHa- 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of oleaching powder contains 26*5 per cent, of chlorine. How much 

AbjOs by weight will be required to deoxidize (*' dechlorinize ") 1'285 
grm. of the bleaching powder ? 
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HYDROBROMIC ACID; HBr.— The element bromine occnfs 
in nature mainly in combination with the fixed alkalies and the 
metals of the alkaline earths (calcium, map^nesium), forming salts, 
called bromides, which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

BEACTipNS IN THE DRY WAT. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AuBrs and PtBri are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
Al2Br6, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
with ammonic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
ftision with alkaline carbonates. 

Heated before the inner flame of the blow-pipe on a bead of microcosmic salt, 
in which a little cnpric oxide has been diffused, bromides impart a blue colour to 
the flame, which passes into green, especially at the edges. This distinction 
between chlorides and bromides is, however, not very marked. 

REACTIONS m THE WET WAY. 

A SOLUTION OF POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into :^- 

1st. Bromides which are insoluble in water, such as AgBr, 
'Hg'2Br2, PbBr2 (less soluble in water than PbClj), and — 

2nd. Bromides which are soluble in water^ comprising all other 
bromides. 

Certain bromides, e.^., SbBrs, BiBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish-white precipitate of argentic bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish-brown fumes of bromine are 
evolved which colour starch paste yellowish. (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, Hg2Br2, PbBr2, are best 
decomposed by heating in an ignition- tube with alkaline carbonates 
(free from chlorides). The aqueous extract is tested for hydro- 
bromic acid, and the insoluble residue for silver or lead. HgoBr^ 
gives a sublimate of metallic mercury. 



hydhobromic acid; 
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In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish-hrown vapour to act 
upon starch paste with formation of yellowish bromide of starch. 

Nitrous acid (or a nitrite and dUute sulphuric acid) does not 
liberate any bromine from pure soluble bromides. (Distinction 
BETWEEN BROMIDES AND IODIDES.) All bromides are, however, decom- 
posed by chlorine, with evolution of bromine, which remains dis- 
solved in the aqueous solution. On shaking with a little ether, the 
bromine is taken up by the ether, forming a yellowish-red liquid, 
which floats on the top of the saline aqueous solution. This 
ethereal liquid may be removed by means of a small pipette, and 
on being treated with potassic hydrate is converted, on evaporation, 
into potassic bromide and potassic bromate, thus : — 

3Br, + 6KH0 = 6KBr + | ^]^^ -h SOHj. 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
123) ; for instance, on distilling with manganic oxide and concen- 
trated sulphuric acid, thus :— 

2KBr -h MnOj + 2SO2H02 = Bv^ H- SO2K02 -|- SOzMno" + 2OH2, 

or by distilling a bromide with dipotassic dichromate and sulphuric 
acid, thus : — 

6KBr -h CrjOfiKoa + 7SO2H02 = SBr, H- SsOeCrjO^ -h 4S08Ko8 

+ 7OH2. 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 16), with 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapour of bromine passes over, 
and condenses in a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice) to a 
reddish-brown heavy liquid. 

Concentrated sulphuric acid ^^ 

alone evolves hydrobromic acid, 
together with bromine and sulphurous anhydride, thus : — 

4KBr H- 3SO2H0, = Brj -|- 2HBr + 2SOjKo, + 2OH2 + SO,. 
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Concentrated nitric acid evolyes bromine, together with nitrous 
f omes, thus : — 

2KBr + 4N08Ho = Brj + 2NO2K0 + N2O4 + 2OH2. 

In the two last reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichroi^te in the former reactions. 

It is obyious that the hydrogen may also be remoyed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per* 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63^ C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances (e.^., 
sunlight), with liberation of oxygen, sulphur, etc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra H- SHa = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Bra + 4OH2 + S = 6HBr + SOjHoa, 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, 
hyposulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the presence of a chloride, argentic nitrate 
is added gradually and with continuous agitation to the solution, acidulated with 
a little dilute nitric acid. AgBr is precipitated first, and by filtering off, as soon 
as the precipitate appears white — an indication that the whole of the bromide 
has been precipitated, and that AgOl begins to fall out — ^the two acids may be 
roughly separated. 

In like manner it is sometimes useful to separate, or practically to concen- 
trate, small quantities of bromides and also iodides, for in a mixed solution of 
chlorides, bromides and iodides, the iodine falls out first as yellow Agl, the 
bromine next as yellowish-white AgBr, and the chlorine last, as white AgOl. 
With care and patience, a fair approximate fractional separation may be 
effected. 
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It 18, however, preferable to employ the reaction described at page 122, Tiz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into CrOaHoj and HCl. The 
bromine remaining unchanged, can be remoyed by ether. On adding AmHo 
to the bromine solution a colourless liquid contuning ammonic bromide and 
bromate is obtained. 

QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can be obtained from a soluble bro- 

mide. 

2. How would you prepare HBr from a soluble bromide ? 

3. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

5. Describe the most characteristic tests for bromine, and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SO2H02, concen- 

trated NO2H0, and of FOH03 upon potassic bromide. 

7. How is HBr distinguished from HUl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? 

9. Explain the action of SH2, SONao2, and SSONao2 upon bromine suspended 

in water. 

10. Give the atomic and volume weights of bromine and of hydrobromic acid. 

11. 1*56 grm. of argentic bromide is heated in a current of chlorine ; what will 

be the weight of the silver salt left ? 

r OBr 
BROmiC ACID, •< Q;n- • — Obtained in combination with potassium by 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Potassic bromate crystallizes out from the slightly yellowish coloured liquid, and 
is purified from potassic bromide by washing with water and recrystallization. The 
reaction takes place according to the equation : — 

3Br2 + 6KH0 = 5KBr + / ^^^ + 30H2. 

The free acid is obtained by decomposing baric bromate with dilute sulphuric 
acid. 

BEAOTIONS IN THE DBT WAT. 

All bromates are decomposed by heat. Some, e,g,^ the alkaline bromates, 
fuse and evolve oxygen, leaving a bromide ; others, such as zincic and magnesic 
bromates, leave an oxide and give off oxygen and bromine ; others, again, leave an 
oxide and a bromide, e.g.y plumbic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

BEAOTIONS IN THE WET WAT. 

-rrr , f OBr 

We employ A solution op potassio beomatb, < ^ j. . 

All bromates a/re soluble in water. Argentic and mercurous bromates are 
difficultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic acid from its 
salts, which, however, exhibits great instability and breaks up into bromine, 
oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed 
into bromine and water, thus : — 

5KBr + j Q^^ + 6HC1 = 3Br2 + 3OH2 + 6KC1. 

K 2 
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The weak affinity of bromine for oxygen is, moreover, rendered apparent on 
boiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo- 
rate or manganate, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

r OT^r 

with N02Ago ; the white argentic bromate, < q a , gives off bromine on 

being treated with HCl. The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydrochloric 
and bydrobromic acids.. 

QUESTIONS AND EXERCISES. 

1. State how potassic and baric bromates are prepared. 

2. Describe the changes which metallic bromates undergo when submitted to 

heat. 
3 Explain the action of dilute acids upon potassic bromate. 
4. What is the action of SH2, SO2, or F2O3 upon potassic bromate ? 
6. How can a bromate be distinguished in the presence of a bromide ? 

6. How can a bromate be distinguished from a chlorate or nitrate ? 

7. How is free bromic acid obtained ? 

8. How much potassic bromate should there be obtained from 50 grms. of bro- 

mine? 



HYDRIODIC ACID^ HI.— Occurs in nature in the form of 
soluble iodides (KI, NaT, Mgl2, Cal2), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

REACTIONS IN THE DRT WAT. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Aula and Ptl* give off 
iodine, and leave the metals ; others are partially decomposed, giving 
off iodine, and leaving an oxide of the metal. The alkaline iodides, 
however, can be heated to fusion, without undergoing any decom- 
position. Ignition with ammonic chloride converts iodides only 
partially into chlorides. On fusing cupric oxide in a bead of micro- 
cosmic salt, and introducing a little potassic iodide into the bead and 
heating in the inner blowpipe flame, the outer flame becomes of a 
fine enverald-green colour. 

REACTIONS IN THE WET WAT. 

We employ a solution of potassic iodide, EJ. 
All metallic iodides may be divided into — 

1st. Iodides insoluble in water, such as Agl, Hg2l2, Hgl2, Pbl2, 
CU2I2 (Bilg, Aula, Ptl4), and Pdl2, and— 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or conversion of the soluble into insoluble 
iodides. 
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N02Ago gives a yellowish-white precipitate of argentic Iodide, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
amnionic hydrate (distinction between HI and HCl, or HBr) ; 
soluble in potassic cyanide. 

N204Hg8o" gives a yellowish-green -precipiisbte of mercurons iodide, 
Hg2l2, very slightly soluble in water, insoluble in dilute nitric acid, 
soluble in potassic iodide. 

HgCl2 gives a beautiful vermillion-red precipitate of mercuric 
iodide, Hgl2, little soluble in water, soluble in alcohol, and soluble 
also in excess either of mercuric chloride or of potassic iodide. 

CO^ )2Pbo" gives a bright yellowpr ecipiiste of plumbic iodide, 

Pl)l2, soluble, like the chloride, in hot water (120 parts), from which 
it crystallizes out, on cooling, in J)eautiful shining yellow scales ; 
soluble in dilute nitric acid. 

SO2CU20" (cuprous sulphate), obtained by treating SO2CU0'' 
with SOHo2, produces a dirty white precipitate of cuprous iodide, 
CU2I2, insoluble in water, sparingly soluble in HCl, soluble in am- 
monic salts and free NH3. This precipitate is of particular interest, 
because chlorides and bromides cannot be precipitated in like manner , 
and because it serves frequently for removing iodides from dilute 
solutions containing chlorides and bromides. 

2nd. By liberating iodine, and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a freshly-prepared solution of starch, to 
which it imparts Sbfine blue colour, owing to the formation of iodide 
of starch. This is one of the most delicate tests. The reaction 
serves equally well for the detection of NOHo (comp. page 121), or 
NO2H0, after reducing to NOHo (see page 119), thus : — 

2KI + 2NOK0 + 4HC1 = I2 + 4KC1 + N2O2 + 2OH2. 

A solution containing free iodine may also be shaken up with a 
few drops of carbon disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g., BaOs, Pb02, MnOj 
and HCl, or Pe2Cl6 and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 
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The xnetHods adopted for the extraction of iodine from metallic 
iodides are all based npon the expnlsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g» : — 

2KI -h MnOa + 2SO2H02 = la + SOzMno" + SOjKoa + 

2OH2, or 

6KI + CrgOfiKoa + 7S02Ho3 = 3I2 + SsOeCrjO^ + 4SO,Koa + 

7OH2. 

Concentrated acids, such as SOzHoa, or NO2H0, decompose 
iodides with separation of bluish- black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI -f 2SO2H02 = 12 + SO2K02 4f SO2 + 20H2. 
20 H- 41NO2H0 = I2 + 2NO2K0 H- N2O4 + 20Ha. 

On fusing an iodide with S02noKo, iodine is likewise liberated, 
thus : — 

20 4- 4SO2H0K0 = 3SO2K02 -h SO2 + 12 + 20H,. 

On examining for traces of iodine by acting upon an iodide with chlorine, 
excess should be carefully avoided, as the iodine is oxidized by the chlorine to 
colourless iodic acid^ which does not yield the blue colour of iodide of starch, or 
the violet colour of the carbon disulphide solution. The blue colour of iodide 
of starch is destroyed by various reducing agents, such as SO2, SHj, AbsOs, 
SnCls, and Hg'2Cl2, or by any organic reducing body. Alkahes destroy the 
colour, dilute acids (even acetic acid) restore it again. On heating iodide of 
starch the colour disappears, but reappears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
agents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygen being transferred to the reducing agent, thus : — 

SOH02 (a dilute solution) + I2 + OH2 = SO3H02 + 2HI. 

SH2 + I2 =« 2HI + S. 

ABH03 + I2 + OH2 = 2HI + ASOH03. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
Sn2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides may be fused with alkaline carbonates, or 
decomposed galvanically by means of metallic zinc. The aqueous 
extract is examined for iodine, and the residue for the metal. 

QUESTIONS AND EXEECISES. 

1. How would you extract iodine from Mg-Ij? Give several methode, and 

express the changes by equations. 

2. Explain the action of heat upon solid iodides. 

3. Classify all iodides according to their solubility in water. 
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4. Explain how jou would distingtiisli Hd, HBr, and HI, when occurring in 

one and the same substance. 
6. Explain the action of iodine yapour upon starch. 

6. Why is it preferable to liberate iodine by means of NsOs, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal ? 

9. G-ive graphic formul» for cuprous and mercurous iodides. 

10. Explain how you would distinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SO2 acts upon iodine, and 

how can iodine be made the measure for SO2 and vice versd ? 

12. 10 litres of a mineral water yield *134 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 



f 01 
IODIC ACID, •< Q^g-.* — ^Potassic iodate is obtained, like the corresponding 

chlorate and bromate, by dissolying iodine in potassic hydrate. The iodate crys- 
tallizes out first, being much less soluble than £1. The free acid can be prepared 
by decomposing baric iodate with sulphuric acid, thus : — 

fOI 
j° Bao" + SOjHoj = aj °g^ + SOjBao". 

ioi 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
iodine, or by passing chlorine through iodine suspended in water. 

BBACTIONS IN THE DBT WAY. 

All iodates are decomposed upon ignition, some breaking up into an iodide* 
with cYolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less yiolently thim chloratei 
or bromates. 

BBAOTIONS IK THE WET WAY. 

We employ A soLrTiON ojf potassio iodate, -j ?i. , 

Alkaline iodates alone are soluble in water, 

BaCl2 giyes a tohite precipitate of baric Iodate, nearly insoluble in water 
and difficultly soluble in dilute nitric acid. 

N02Ago produces a tohite crystalline precipitate of arirentle Iodate, 
sparingly soluble in water and in dilute nitric acid, readily soluble in ammonio 
hydrate (distinction ebom HI). On the addition of a reducing agent, 0.^., 
SOH03, to the clear ammoniacal solution of argentic iodate, a precipitate of Agl 
is obtained, thus : — 

{ OAgo "*■ ^S^Hoa = Agl + aSOjiHoj. 

Potassic iodate is decomposed by SHj, with formation of potassip iodide and 
sulphuric acid, and precipitation of sulphur; by SOH02, with separation of 
iodine, which (by the decomposition of water) is conyerted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids (e,^., acetic 
acid), with liberation of iodine. Traces of an iodate in potassic iodide can, there- 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off iodine when they come in contact with yarious re* 
ducing agents, e.g.f SO^, SSONaOs, SnCls, differ, however, in a marked manner 
from chlorates and bromates by remaining unacted upon by concentrated sul- 
phuric acid, unless the action be assisted by deoxidizing agents, such as ferrous 
salts, etc. Instead of acquiring a less stable character by the interposition of the 



136 HYDROFLUORIC ACID. 

atoms of oxygen between the iodine and potassium, potassic iodate,* and still 
more so periodate (obtained by passing chlorine through an alkaline solution of 
potassic iodate) , is capable of resisting the action of sulphuric acid far more 
readily than potassic iodide. Feriodates are, in fact, not reduced by the ordinary 
reducmg agents by which iodic acid is reduced, except by SH3. 

QUESTIONS AND EXERCISES. 

1. How are potassic iodate and periodate obtained ? Q-ive equations. 

2. Explain tne changes which iodates and periodates undergo upon ignition. 

8. Explain the change which takes place when potassic iodate is acted upon — 
1st, by reducing agents, c.^., SO2, SHs, FeCl2 ; 2ndly, by concentrated 
sulphuric acid. 

4. A precipitate contains Agl and -j qa^ State* how you woidd separate the 

two salts from each other. 

5. Explain the action of HI upon a mixture of KI and 4 qy^q' 

HYDROFLUORIC ACID^ HF.— Occnrs in nature in com- 
bination chiefly with calcium in the mineral csXled fliwrspar {Derby ^ 
shire spar) J CaFs ; also as double fluoride of aluminium and 
sodium in cryolite, 6NaF,AljF6. It is, moreover, met with in 
certain vatv/ral phosphates, e,g., coprolite, fossil hones, wa/vellite, and 
in a few silicates, e.g., topaz, mica, homhlende. 

KBACTIONS IN THE DRT WAY. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but when heated in 
ti moist atmosphere, or if water be added, they are decomposed into 
ozides (oxyfluorides) and hydrofluoric acid. The changes which 
fluoiides undergo in the dry way are of two kinds. 

1st. The fluoride gives off hydrofluoric acid gas, which corrodes gla^s, 
— By heating a fluoride conte<ining water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic salt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

OaFj + 2SO2H0K0 = SOaCao" + SO2K02 + 2HF. 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiFi, thus : — 

4HF -h Si02 = SiF* + 2OH2. 

• J. Thomson (Deut. Chem. Ges. Ber., yii, p. 112) deduces from the dif- 
ferences ohserved in the solubility of chlorates and bromates, compared with 
that of iodates, also the formation, by preference, of acid salts with the alkali 
bases, and the facihty with which iodic anhydride can be prepared directly, by 
heating the hydrated acid, that iodic acid must be viewed as a dibasic acid, and 
he assigns to it the formula : — ^I^OgHs, or I'"l'04(OH)2, and he deriyes periodic 
acid, HsIOgHs, or H8l04(OH)3, by replacing the triatomic iodine atom by H3. 
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2nd, The fiuoride it deeoTwpoged hy hydric potagsie sulphate in the 
pretence of a borate, with formation of volatile boric fiiwride, BFj. — 
By heating a. mixture* of powdered hydric potneaic sulphate and 
foBsd Ixjmz with the finely powdered flnoride, on the loop of a 
platiniua wire, in a clear fiame of a BnnHen gas lamp, boric flaoride 
18 diseag^ed, imparting a beanbif ul yellowish-green colour to the 
flame, wnich is highly characterietic, although very evaaescent. 

EEACTIONH IH THE WET WAI. 

We employ a bolution of bodic fluoridb, NaF, 

Most metallic flaorides are solid ; others, a^ain, snch as the 
flnorides of the metals whose higher oiidea possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseoos at 
the ordinary temperature. 

Fluorides are either solvhle in water and more or less crystalline, 
such as KT, KaF, AmF, AgF, SnF„ Pe,F„ HgFj, Al,r,, or 
ituolvhle or very sparingly soluble in water, and amorphous when 
obtained by precipitation, e.g., CaF,, BaF,, PbFj, ZnF„ CuF,. 

The reactions which a soluble fluoride gives by double decom- 
position with BoIationB of salts, whose metals form insoluble 
fluorides, are not very characteristic. 

BaCli produces a huVcy white precipitate of baric fluoride, BaFi, 
Botnble in hydrochloric acid and in much ammonic chloride. 

CaCli (or CaHOi) gives a gelatinous translucent precipitate of 
calcic flnortde, CaF,, which becomes visible by the addition of 
ammonic hydrate. CaFj is slightly solable in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, less 
soluble in acetic acid, insoluble in free hydroSaorio acid, soluble to 
some extent in ammonic chloride. 

NOiAgo produces no precipitate. (Distinction betwken HF 

AND HCl.) 

It is preferable to teat for HF by the reactions baaed npon the 
formation of gaseous SiP, or BFj. 

All fluorides (soluble or insoluble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus : — 

CaF, + SO.H0, = 2HF + SO,Cao". 

The Biperiment 19 best performed by 
tre&ting the fluoride with eulphuric acid in 
s small leaden cup heated over t, water-bath 
(Fig. 17), and connected with a leaden still 
and U-tube, surrounded with ice, for the 
condensation of the acid. 

Hydrofluoric acid gas is highly 
corrosive, aud should not be inhaled. 
If it comes in contact with silica (e.y., 
in glass), SiF, is formed. The glass 
becomes corroded or etched. 

• 10 mol. of 8O3H0E0 ( ~ 10 X 136). 
3 mol. of OaF, ( - 3 x 76). 

1 mol. of BiO,yao. 202. 
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Its action npcm glaM nuij be ihoini also hj c o yw ii ig a jdatumm cmeible oon- 
taJTMng a little finely powdered flooiide and ooncentzated solphuiie add, with a 
piece of g^aas, e.g., a watch-glaaB. The Taponr of the eTtdred hjdFoflnoiie acid 
eonodes the glass. ^Hie action of the hjdroflncHic add beccnnes appazent when 
the glass is oorered with a thin Isjer of mdted wax, and some dengn scratched 
on the waxed side with a pointed instrument. The gas acts npon the unpnv 
teeted portion of the g^ass. Toprerentthemeltingof thewax,a Kttiecoidwst^ 
is kept on the watdi-glass. The design will be found etdied nKne or less deeplj 
into the glass, after the remoral of tiie wax. Mere traces of a flaoride are thus 
detected, and as no other substuioe attacks glass similari j, the reaction is per- 
fectlj characteristic foi hydrofluoric add. It should be remembered, howeVer, 
that the softer kinds of gbus are liable to be corroded bj the Taponr of ordinary 
acids alone. In doubtfol cases, therrfore, it is preferable to employ a gLaas* 
bulb blown out of combustion glass, or also a plate of rock-ciystaL 

If tlie flnoride contain much silica, solphnric acid disengages 
Bilicic flnoride instead of hydroflnoric acid, which does not attack 
glass; but when passed into water — ^best by letting the delivery- 
tnbe dip into a little mercury — it is decomposed into hydroflno- 
silicic acid and into SlHo^, thns : — 

3SiF4 + 4OH5 = SiHo4 + 2(2HF,SiP4). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica, some finely powdered 
quartz or glass is first mixed with the flaoride, before treating with 
sulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone- ware bottle, 
provided with a wide dehyery-tube, which dips under mercury contained in a 
small porcelain cup at the bottom of a beaker or glass cylinder. Oare should be 
taken that the inside of the deUyery-tube remains perfectly dry, when the re- 
cdying yessel is filled with water. A mixture of one part by weight of finely 
powd^ed fluorspar, and one by weight of fine sand is introduced into the gilass 
or stone-ware yessel. ^eyen to eight parts by weight of oil of yitriol are added, 
and the whole shaken up together and gently heated upon a sand- (or water-) 
bath. Each bubble of the eyolyed SiF4, on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass yessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hydrofluosilicic acid, which may be returneid to the 
glflUBS cylinder, and a fresh quantity of SiF4 passed through, till the add solution 
has become suffidently concentrated. 

Silicates containing fluorides which are not decomposed by sulphuric acid, are 
fused with four purts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fluorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkaline carbonates, and then digesting with 
ammonic hydrate, SiHo4 is predpitated, which can be filtered off*, leaying the 
alkaline fluoride. On adding CaHos or CaClo, and digesting at a gentle heat, a 
gelatinous predpitate of CaF2 is obtained, which is flltered oS, dried, and 
examined. If phosphoric acid be present, the precipitate contains FsOsCao^'si 
as well as CaF2, which does not, howeyer, interfeie with the disengagement of 
hydrofluoric acid gas. 

Insoluble fluorides, e.^., CaEj, are not completely decomposed by fusion with 
alkaline carbonates, unless SiOj be present. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of fluorine ? 

2. What changes do solid fluorides undergo when heated by themselyes 5 2ndly, 

when mixed with microcosmic salt or hydric potassic sulphate ? 
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3. How is BFg formed, and why does it furnish us with a oharaoteristic reac- 

tion for fluorine, or vice versd for boron ? 

4. Classifj fluorides according to their solubility in water. 

5. Describe some characteristic reactions for fluorine in the wet way. 

6. How would you distinguish gaseous HCl from HP ? 

7. How is hydrofluoric acid gas prepared ? Explain its action upon glass. 

8. How would you test for small quantities of a fluoride ? 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much SiOj. 

10. How is fluorine detected in silicates decomposable by SO2H03, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphs£e, and traces of a 
fluoride ? 

12. How would you prepare KF, AmP, and liquid HF ? 

HTOROFIiUOSILIGIG ACID, 2HF,SiF4.— Obtained bypassing silicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofluorides, or fluosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fe or Zn (these latter with evolution 
of hydrogen), of which the potassic and baric silicofluorides are the most 
interesting. 

BEACTIONS IN THE DET WAY. 

Silicofluorides are decomposed by heat into fluorides, with disengagement of 
silicic fluoride. 

BEAOTioira rsr the wet way. 

A OONOENTSATED SOLUTION OP THE ACID may be employed. 

On evaporating a solution of hydrofluosilicic acid in a platinum vessel, it 
volatilizes, and is decomposed into SiF4 and 2HF. The acid ought not, there- 
fore, to be heated in a glass vessel. 

A few silicofluorides^ e.g.^ 2KF,SiF4, 2NaF,SiF4, BaF3,SiF4, a/re difficultly 
soluble in water ^ and are rendered quite insoluble by the addition of alcohol. 
Most other metallic silicofluorides are readily soluble in water. 

BaClj precipitates translucent crystalline 1»aric slllcoflaorifle, BaF3,SiF4, 
which faUs out very readily. The precipitation is complete on the addition of 
an equal volume of alcohol. Strontium is not precipitated from concentrated 
solutions. (Distinction between babixtm and stbontium.) 

£C1 gives a translucent gelatinous precipitate of dipotassie silicofluorlde, 
2KF,SiF4. 

AmHo separates SiHo4 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric acid in a 
platinum crucible, covered with a watch-glass, the glass becomes corroded or 
etched. 

QUESTIONS AND EXERCISES. 

1. How is 2HF,SiF4 prepared ? 

2. State how 2HF,SiP4 acts upon KHo, OHg, Fe, OuO. 

8. What decomposition takes place when silicofluorides are heated — 1st, by 
themselves ; 2ndly, with concentrated SO2H02 ? 

4. How is BaFs, SiF4 obtained ? 

5. What proportions by weight of CaFg, SiOj, and SO2HO2, are required for 

the preparation of 2HF,SiF4 ? 

PHOSPHORIC ACID, POHo3.--This acid is never met with 
in the free state in nature, but invariably in combination with 
bases, such as CaO, MgO, AljOa, FeO, Fe^Oa, PbO, as hone- 
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ash^ somhrerUe, coprolUe, apatite, wagnerite, wavellUe, vwianite, 
jftyromorphitey etc. 

EEACTIONS IN THE DRY WAY. 

Most anhydrous metallic phosphates, when mixed with dry 
CONao2 and lamp-black, and heated together with metallic sodium 
or magnesium in a narrow ignition- tube, yield phosphides of these 
metals, recognisable by the smell of PH3 which is given off when 
they are moistened with water. 

Normal phosphates of fixed bases are not decomposed upon 
ig^tion. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao2 = P^OaNao* + OH2. 

Sodic 
pyrophosphate. 

(2) POHojNao = POjNao + OHj. 

Sodic 
metaphosphate. 

Fusion with caustic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. Boiling with con- 
centrated acids (NO2H0) eflPecis this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates ; most others, e.g,, magnesic, ferric, 
zincic, nickelous, manganous, cupric phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
P;802Al20^ can only be decomposed by fusion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 49.) 

REACTIONS IN THE WET WAY. 

We employ a solution of hydric disodic phosphate, POHoNao2. 
All phosphates may be divided into — 

1st. PhospTiates which are soluble in water, comprising the 

alkaline phosphates only; their solutions react alkaline; 

and 
2nd. Phosphates which are insoluble in water, but soluble in 

mineral acids (some also in acetic acid), comprising all 

other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition : — 

BaCU yields a white precipitate of hydrie 1»aric phosphate, 
POHoBao , difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCl2, or S02Cao" produces a white precipitate of hydric calcic 
(or tricalcic) phosphate, POHoCao", readily soluble in mineral 

* One part of SiOj, together with six parts of fusion mixture. 
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acids;* soluble in acetic acid, after being freshly precipitated; 
slightly soluble in ammonic chloride. 

SOaMgo" (or better still MgCU) in the presence of AmCl and 
AmHo produces a white crystalline, quickly subsiding precipitate of 
amnionic masnesic phosphate, POAmoMgo" + 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, even acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated aftei* 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
vessel which have been touched by the glass rod. Arsenic acid 
gives an analogous precipitate. 

This is the most important reaction for POH03; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. 

NOa Ago gives a light yellow precipitate of triarsentic phosphate, 
POAgOa, soluble in ammonic hydrate and in nitric acid. 

( < QQ jjPbo'^ plumbic acetate, produces a white precipitate of 

plumbic phosphate, P202Pbo''3, readily soluble in nitric acid, almost 
insoluble in acetic acid, as well as ammonic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 
Fe2Cl6 gives a yellowish-white gelatinous precipitate of ferric 
phosphate, P202Fe20'^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be removed from a phosphate dissolved in 
hydrochloric acid, e.g.^ from the alkaline earthy phosphate, P302Cao''s, the free 
acid is nearly neutralized with ammonic hydrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with . the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated nearly to boiling ; a reddish-brown precipitate is obtained, which 
contains the whole of the phosphoric acid, together with some basic ferric acetate. 
It must be filtered hot, and washed with hot water ; the filtrate contains the 
alkaline earthy bases as chlorides. — (Ccmp. also p. 39 and 40). 

Small quantities of phosphoric acidf in the presence of large a/mounts of a 
ferric salty such as we meet with in solutions of iron ores, of pig iron, steel, etc., 
are best removed by first reducing the ferric to ferrous salt by boiling with 
SOHoAmo, neutralizing with OONao2, and lastly with sodic acetate and preci- 
pitation with a few drops of ferric chloride (or by reoxidizing a small portion of 
the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually precipitated in this 



* P202Cao''3 + 4NO2H0 « P202Ho4Cao" + 2 ^Q^Cao". 

Soluble tetrahydric 
calcic diphosphate, reprecipitated by AmHo. 



142 PYRO AND METAPHOSPHORIO ACIDS. 

manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc. 
The precipitate is filtered hot, redissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartiuric acid, AmCl and AmHo, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoAmo and precipitation by a current of SH2 gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 
iron ores, in pig iron, steel, sheet copper, etc., may also be precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 
whereby the phosphorus is converted into POHos, and after driving 
off the excess of acids by evaporation and taking up of the residue 
with concentrated nitric acid, by adding a solution of ammonic 
molybdate and concentrated nitric acid ; the silicic acid is separated 
by the evaporation to dryness, and arsenic acid, if present, should be 
first removed by sulphuretted hydrogen. On digesting the solution 
at a gentle heat (60° C.) for some time (hours if necessary), and 
stirring with a glass rod, a bright yellow precipitate of anunonie 
phospho-molybflate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
phoric acid* (about 3 per cent.), fey washing the yellow precipitate 
with a solution of ammonic molybdate, and lastly with a solution of 
ammonic nitrate, and then dissolving it in ammonic hydrate, filter- 
ing, and adding S02Mgo", AmCl, and AmHo, the phosphoric acid 
is obtained as POAmoMgo". 

White of egg (albumen) is not coagulated by tribasic phosphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic add. 

PTROPHOSPHORIC ACID, P2O3H04. — Pyrophosphates are obtained 
by heating monohydric phosphates. They are of little importance, however, since 
they are not usually met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkalies, into tribasic phosphates. 

BEACTIONS IN THE WET WAT. 

We employ A soLtmoN op sodic pteophosphatb, 'PiOi'Najo^, 

Alkaline pyrophosphates are soluble in water. 

All others are insoluble in water^ but soluble in dilute acids. 
. The presence of a soluble pyrophosphate is indicated on adding NOjAgo, 
which gives a white precipitate of argentic pyrophosphate^ P203Ag04, soluble 
in nitric acid and ammonic hydrate. 

Albumen is not coagulatea by the free acid, nor by an acetic solution of a 
pyrophosphate. 

M03Amo2 (amnionic molyhdate) does not give a precipitate, imtil by the 
action of mineral acids the pyrophosphate has been converted into tribasic phos- 
phate. 

METAPHOSPHORIG ACID, PO2H0, is distinguished from the tetra- 
and tribasic acid as follows : — 

* MoOs, 90-7 P.O. ; PoOg, 31 P.O. ; OAmj, 3*6 P.O., and OHj, 26 P.O. 
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Alhuinen gives an abundant white precipitate vith the free acid, and with 
soluble metaphosphateS) on the addition of acetic acid. 

SOjMgo , AmCl and AmHo fail to precipitate soluble metaphosphates. 

NOsAgo produces a white precipitate of argentic metaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates are con* 
Terted into tribasic phosphates, and their tetrabasic and monobasic nature is lost 
sight of. They can, therefore, only be detected by special experiments. 



PHOSPHOROUS ACID, PH03 (tribasic). — Phosphorous anhydride is 
obtained by the slow oxidation of phosphorus on exposure to dry air at the ordi- 
nary temperature. By combining with water it forms a yery weak acid, and 
with hydrated alkalies alkaline phosphites. 

BBAOTIONS nr THB DBY WAY. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve hydrogen, mixed towards 
the end of the decomposition with PH3, and are converted into phosphates. 

BBAOTIONS IN THB WBT WAT. 

A SOLUTION OP SODIO PHOSPHITB, PHoNaoj, may be employed. 

Alkaline phosphites are soluble in water. 

All other phosphites a/re^ for the most part, difficultly soluble or insoluble in 
water, but soluble in acetic acid (plumbic phosphite excepted) . Phosphites (a-s 
well as hypophosphites) are of interest mainly on account of the powerful reducing 
action which they exert upon salts of various metaUic oxides, capable of forming 
lower oxides, or of being reduced to the metallic state, as well as upon the lower 
oxides, etc., of metalloids, c.^., SOg. 

NOgAgo is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle heat. 

HgOlo and N204Hg2o'', are reduced to HgrgOls and metallic mercury. 

SO2 forms a phosphate with liberation of sulphur and evolution of SH3. 

Nascent hydrogen yields a mixture of Hj and PH3 which fumes in the air and 
bums with an emerald-green colour. When passed into a solution of aigentic 
nitrate, the gaseous mixture precipitates PAgg and metallic silver. 

The difficultly soluble phosphites of Ba, Ga, Pb, etc., are obtained by double 
decomposition, the latter salt being insoluble in acetic acid. 

HYPOPHOSPHOROUS ACID^POHsHo (monobasic) .—Obtained by the 
action of alkalies or hydrates of the idkaline earthy bases upon phosphorus and 
water. 

P4 + 8OH2 + 3KHo = 3POH2K0 + PH3. 

BEACTIONS IN THB DBY WAY, 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
PH 

4POH2K0 = P2O8K04 + 2PH8 + OH2. 

BBAOTIONS IN THB WBT WAY. 

A SOLUTION OP POTASSio HTPOPHOSPHiTB may be employed. 
All hypophosphites are soluble in water. They constitute even more powerfid 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 
SO2H02 is reduced to SOH02, partly even to sulphur. 
SO2CU0'' is reduced to metaUic copper (cupric hydride). 
HerClj is reduced to Hg>2Cl2, and then to mercury. 
AuCls and N02Ago yield the pure metals. 
Zn ■¥ SO^Os (nascent hydrogen) yield Hg and PHs. 
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In the ordinary course of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and they 
must therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain the action of heat upon POHo^Nao, POAmoMgo", and 

POHoAmoNao. 

3. How are meta- and pyrophosphates converted into tribasic phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon PgO^FejO^, 

P202Cao"3, p202Cuo"3, POHoBao", in the wet and dry way. 
6. How can P202Al20^^ be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility m water. 

7. Explain the solvent action of HCl or NO2H0 upon the alkaline earthy phos- , 

phates. 

8. How is phosphoric acid removed from alkaline earthy phosphates ? 

9. State how you would detect phosphoric acid in a soil or iron ore ; or phos- 

phorus in metallic copper or oast iron. 

10. What is tlie approximate composition of ammonic phospho-molybdate ? 

11. Which reactions enable us to distinguish between tribasic, tetrabasic, and 

monobasic phosphates ? 

12. How would you prove the presence of magnesic, as well as of potassic phos- 

phates, in wheat flour, pale ale, and in cheese ? 

13. How would you prepare POH2H0 and (POH2)2Cao"? 

14. How are calcic phosphite and potassic hypophosphite acted upon by heat ? 

15. What are the products of oxidation obtained on burning PHs in air ? 

16. Explain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypophosphite be detected in the presence of potassic 

phosphite and phosphate ? 

18. How would you prepare gaseous PH3 ? What is its action upon solutions 

of cupric sulphate and argentic nitrate ? 

19. Give symbolic and graphic formulae for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POH2H0 undergoes when 

it is acted upon by SO2H02, by SO2CU0", or by AuCl,. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

p202Ho4Cao"— a constituent of calcic superphosphate) ? 

22. 5*4 grms. of cast iron yielded *046 of PsOgMgo'^s ; what is the percentage pi 

phosphorus in the iron ? 

SILICIC ACID, SiKoi.— Silicic cmhydride or silica, SiO,, 
occurs in nature both in a crystalline and amorphous condition, 
either in the free or combined state. Qttartz and rock crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONa2, 
OaO, MgO, AI2O3, FeO, MnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties. 

BEACTIONS IN THE DRY WAT, 

Both varieties of silica are characterized by their infusibility 
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when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pnre silica fnses with sodic carbonate to a clear 
glass, which, if suJBficient silica has been nsed, remains transparent 
on cooling. Silicates rich in silica behave like pure silica. If a 
silicate be heated in like manner with microcosmic salt, its base or 
bases are dissolved, while the silica is seen to float about in the 
liquid phosphate bead as a silica skeleton. Silicates containing 
coloured oxides give rise to opalescent beads, in which the SiOj 
can be distinguished only with difficulty. 

When silica, or a silicate rich in silica, is heated on platinum 
wire before the blowpipe with sodic carbonate, the Si02 displaces 
the CO2, and forms a clear glass o£ sodic silicate. The alkaline 
carbonate should not be employed in excess. Calcic and magnesic 
silicates do not dissolve to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of sUicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 

EBACTIONS IN THE WET WAY. 

All silicates may be divided into — 

1. Silicates which are soluble in water , including only potassic 
and sodic silicates ; and 

2. Silicates insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodic silicate, SiNao*, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and 
can be broken up, by means of a glass rod, into lumps, which 
speedily lose their water, leaving anhydrous silica, especially on 
being ignited on a sand-bath, as long as acid fumes are evolved. 
The dried mass is treated with a little concentrated hydrochloric 
acid and hot water, when NaCl is dissolved out (together with 
small quantities of Al and Fe — impurities in the sodic silicate). 
The impalpable powder of amorphous silica is thrown on a filter 
and washed with hot water, dried and ignited. 

Am CI or COAmo2 precipitates SiHoi from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish- white silicates, soluble in dilute hydro- 

L 
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chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration 
from the silicic anhydride. Si02, like P2O6, is detected whilst testing 
for hoses. 

Most natural and artificial silicates are insoluble in water. Many, 
e,g,, zeolites, as well as certain artificial silicates, snch as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinons mass 
is evaporated to dryness on a water-bath, when amorphoas silica 
separates. 

Silicates, such as kaolin and clays, which are not dissolved by 
hydrochloric a^iid, can frequently he decomposed, either partly or 
wholly, by hot concentrated sulphuric acid diluted with about one-third 
of its weight of water ; many natnral silicates yield more or less 
silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

Silica, or silicates insoluble in acids, forming by far the greater 
number, are readily attached by gaseous hydrofluoric add, or by fluor- 
spar and S02Ho2, gaseous SiF^ being given off. This method is 
invariably resorted to whenever alkalies are present in a silicate, as 
e.g., in felspar, Si608Ko2Al20'^. A little of the finely powdered 
silicate is moistened with strong ammonia, put into a platinum 
crucible or small platinum capsule, and exposed to the action of 
gaseous HF. This gas should be generated in a leaden or platinum 
vessel. The platinum crucible is to this end placed in a small leaden 
basin, which can be closed with a lid of the same metal. A layer of 
fluorspar is put at the bottom of this vessel, mixed and covered with 
concentrated sulphuric acid. The platinum crucible rests on a 

leaden tripod. The leaden vessel after 
being covered and luted with moist lin- 
seed meal, is placed for a day or two in a 
warm place. The crucible is then taken 
out, and its contents cautiously evapo- 
rated by applying a gentle heat, as shown 
in Fig. 18, from the upper part of the 
crucible downward, till the whole of the 
^/^ amnionic fluoride has been driven ofi: 

^^^^ssssJi =1 The dry residue is dissolved in hydro- 
\^^F \jl chloric acid, and tested for bases. A 

small residue is usually left, which is 
filtered off^ and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydrO' 




Fio. 18. 
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Jiuoric CLcid, and evaporating cautiously in a closet which stands 
in connection with the chimney, and which has a good in-dranght 
of air. The residue is dissolved in hydrochloric acid. Any insolu- 
ble residue which may be left is separated by .filtration and 
treated again with hydrofluoric acid. This treatment has generally 
to be repeated several times, before the whole of the bases are 
obtained in a soluble condition. 

Treatment with OaFg and concentrated SO^Hos is objectionable, on account 
of the formation of insoluble SOHo2Cao". 

A less cumbersome yet equally satisfactory method for decom- 
posing silicates containing alkalies is the following : — Mix '6 grm. 
of finely powdered silicate intimately with '6 grm. of pure Am CI, and 
then with 4 grms. of pure precipitated granular calcic carbonate,* and 
heat the mixture in a platinum crucible, placed in a slanting posi- 
tion, first gently and by means of a small Bunsen flame, from above 
gradually downwards, till the sal-ammoniac is completely converted 
into CaClj. Then apply a stronger heat, and lastly heat for half an 
hour over a good Bunsen lamp. The sintered mass consists now of 
caustic lime, disintegrated silicate (rendered soluble in acids), and 
alkaline chlorides soluble in water, besides undecomposed CaCU. It 
is next slaked and repeatedly extracted with small quantities of hot 
water at a time. The liquid after filtration is free from silica and 
contains the alkali metals as chlorides. The lime in solution is 
removed by precipitation with ammonia and ammonic oxalate, and 
the filtrate evaporated to dryness and gently ignited, when the fixed 
alkali salts are left behind. This method can only be worked with 
advantage with quantities of substance not exceeding '6 grm. 

All silicates insoluble in water and acids, no matter whether they 
contain alkali metals or not, may be decomposed by fusion with alkaline 
ca/rbonates (fusion mixture). They are first ground up very finely 
in an agate mortar, then intimately mixed with three to four times 
their weight of fusion mixture and heated in a platinum crucible 
as long as any CO2 is given off". This may be done over a good 
Bunsen gas lamp or by means of a Herapath gas blowpipe. (A 
platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkaHes 
and dissolves in hot water, and the bases (CaO, MgO, A1203, FejOa, 
etc., etc.) are left as insoluble oxides or carbonates, and may be 
separated by filtration ; or the whole mass is at once treated with 
dilute hydrochloric acid and evaporated to dryness. Silicic anhy- 
dride is left, and the bases are removed as chlorides by filtration. It 
is obvious thai we must examine for the alkali bases in a separate 
portion, by treatment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 

* Prepared by precipitating a dilute solution of OaCls at 70° C. with excess 
of OOAmoj, and washing the precipitate thoroughly with hot water by decanta- 
tion. 

L 2 
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platinum vessel with an aqneons solntion of fixed caustic or car- 
bonated alkalies. 

Si02 is separated from TiOj (titanic anhjdride) by fusion with SO3H0K0 
in a platinum crucible, and subsequent treatment with water ; the SiOs remains 
undissolved. The TiOj is precipitated from the acidulated aqueous solution bj 
long-continued boiling. 

QUESTIONS AND EXERCISES. 

1. Give instances of crystalline and amorphous silica. 

2. Describe the reactions for Si02 in the dry way. 

3. Classify silicates according to their solubility in water and acids. 

4. Explain the action of HF, or of OeiF^ ^^^ concentrated S02Hor, upon 

silicates. 

5. Describe how amorphous silica is obtained from SiNao4, from quartz, or from 

felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate, 

soluble in HCl, and in a silicate, insoluble in HCl, «.^., in Bohemian 
glass ? 

7. What is the action of caustic and carbonated alkalies upon amorphous 

silica? 

8. How is TiOj separated from SiOj ? 

9. How is silicon detected in pig-iron ? 



BORIC ACID^ BH03 (Orthoboric acid).— Is found in nature 
toth combined and in the free state. 

BEACTIONS IN THE DHT WAT. 

Most borates swell up when heated by themselves, and fuse into 
a transparent glass which dissolves metallic oxides, producing various 
colours. The free acid forms scaly crystals, possessing a pearly 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless 
transparent, glassy-looking mass, — boric anhydride, B2O3, which can 
be kept in a liquid condition without loss from volatilization. 

A mixture of SO2H0K0 and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO2H0K0 and CaF2.* (Comp. page 137). 
The mixture is made into a stiff paste with a few drops of water, 
and cautiously introduced, on the loop of a platinum wire, into the 
inner blowpipe flame, when the outer flame acquires momentarily a 
yellowish-green tint, owing to the volatilization of boric fluoride, BFs. 
Phosphates as well as copper salts, when moistened with sulphuric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

* Three to four parts of the flux (consisting of one part of powdered CaF2 
and four and a half to five parts of SO3H0K0). 
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REACTIONS IN THE WET WAY. 

We employ a solution of borax, B405Nao2. 

The alkaline borates are soluble in water, all others are difficuUly 
soluble, bub none are absolutely insoluble. All borates dissolve in acids 
ami a/mmonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellowish^white, 
and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame a, fine green colour. An alcoholic solu- 
tion placed in a porcelain dish bums, wben ignited, with the same 
cbaracteristic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride, or even by the presence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid ; but the green 
becomes again perceptible on the addUion of a little concentrated 
sulphuric acid, 

A green flame (of a somewhat greenish-blue tint, however) is obtained also 
by heating many metallic chlorides with alcohol and concentrated sulphuric acid 

r OH 

(owing to the formation pf ethylic chloride, •< q-o-'qi), also by passing hydro- 
chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires first to be 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilization. 

An alcoholic solution of boric acid colours turmeric paper reddisli* 
brown, especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish-brown, and must not be con- 
founded with the colour produced by boric add. The dried paper 
acquires a blackish tint when dipped into alkahes. 

Hydrofluoric acid (or SO^Hoj and OaFj) decomposes all borates, with for- 
mation of volatile boric fluoride, thus : — 

B406Nao2 + eCaPa + ^SOaHoj ^esOHoaCao" + SOsNaoa + 4BF3 + OH2. 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid 
— hi/drojluoborio acid — the constil^ution of which is not well understood, 
thus :— 
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4BF3 + 30Ha = 3(BF3,HF) + BHos. 

Hydrofluoborio 
acid. 

This acid combines with bases, forming horofluoHdes or fluoborateSf thus : — 

BF3,HF + KHo = BF3,KF + OH,. 

QUESTIONS AND EXERCISES. 

1. How is metaboric acid obtained ? 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borates according to their solubility in water. 

4. Explain the colour test for boric acid. 

5. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare argentic borate, plumbic borate, hydrofluoboao 

acid, and potassic nuoborate. 

8. Explain the action of boric acid upon turmeric paper. 



HYDROCYANIC ACID (Prussic acid), HCy.— This acid* 
consists of hydrogen and the compound radical cyanogen, Cy, mole- 

r 'C"W' 

cule < iQin^in* It forms with metallic oxides salts, called cycmides, 

analogous in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a bigh temperature. The best 
known cyanide, viz., potassic cyanide, KCy, unless specially purified, 
contains more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

REACTIONS IN T^E DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with less energetic oxidizing agents, such as 
Mn02, PbO, CuO, S11O2, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulpliides, it is converted 
into potassic sulphocyanate, CyKs. Potassic cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 
employed in blowpipe reactions, whenever a metallic oxide (or sul- 
phide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition upon ignition ; some {e.g,, the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen (e.g., the cyanides 

* The compounds which the radicals cyanogen, ferro- and ferricyanogen, etc., 
are capable of forming will be treated somewhat more fully, since a tiiorough 
understanding of the various reactions is necessary, in- order to saooeBsfiilly 
analyse cyanogen compounds. 
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of iron) ; others again (such as AgCy, HgCy?, OuOyt, ZnCy,) 

yield cyaiiogen gas, metallic silver, mercury, etc., and paracyanogeir, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol Cyn. 

This deportment of solid cyanides furnishes us with ready means 
of preparing cyanogen gas, either by igniting dry HgOyg, or AgCy ; 
or by heating two parts of dry yellow prussiate of potash, or commer- 
cial potassic f errocyanide, KiFeCy^, with three parts by weight of dry 
HgCla. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yiel&ig COj 
and N. The gas is nearly twice as heavy as air (sp. gr. 1*8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. An aqueous 
solution decomposes spontaneously into a variety of products. 
When the gas is passed through a solution of caustic potash it is 
absorbed with formation of potassic cyanide and cyanate. It is one 
of the few gases which condense to a liquid at a moderate pressure 
(3'6 atmospheres). 

All cyanogen compounds when ignited in an ignition-tube with 
excess of soda-lime, give up the whole of their nitrogen as ammonia. 



REACTIONS IN THE WET WAT. 

The cyanides of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cyanides of the heavy metals are insoluble in water, with the 
exception of HgCyj ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide ?) and nitrogen, 
whilst the alkaline cyaiiiide is not decomposed, and can be dissolved 
out from the residue. 

The following is a list of some of the more important single 
cyanides, i.e., cyanides which contain only one metal : — 



Potassic cyanide, 


soluble in water 




KCy 
NaCj 


Sodic 


» 


i) »> . . « 




Bario 


a 


difficultly soluble in water . 




BaCy, 


Zinoic 


a 


insoluble in water . . 




ZnOji 


Cadmic 


}i 


»» »i . . 1 




CdCy, 


Nickelous 


}i 


a it' • • ' 




s^v 


Cobaltous 


it 


It tt • • 




Ferrous 


}i 


it tt •* ' 




FeCyj 


Cuprous 


>» 


it ii • • < 




'Cn'sCy, 


Mercuric 


if 


soluble in water 




H»Cy, 


Argentic 


1* 


insoluble in water • • 




A»Cy. 



Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, cjspecially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt'), may be boiled with 
moderately nttfbtig adds; without decoi&t>oditi6n. " 
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The action of dilute acids upon double cyanides shows clearly 
the existence of two distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily deconvposahle, giving off 
hydrocyanic acid, when heated with dilute mineral acids. They pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCy ; or the latter is evolved and the metallic 
cyanide is precipitated ; or both cyanides are decomposed, and the 
whole of the HCy is liberated, e.g, : — 

(1) KAgCyz + NO2H0 = AgCy + HCy -f NOjKo. 

Precipitated. 

(2) K2Zn"Cy4 + 4HC1 = ZnCU + 2KC1 + 4HCy. 

2nd. Double cyanides which possess a neutral reaction and give off 
no liA^drocyanic acid, when treated with dilute hydrochloric acid, the 
negative element of the acid forming a salt with the alkali 7netal, whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

KiFeCye + 4HC1 = H^FeCye + 4KC1. 

Hydroferrocjanic 
acid. 

KsFeaCyiz + 6HC1 === HeFcjCyia -f 6KC1. 

Hydroferricyanic 
acid. 

KeCoaCyia + 6HC1 = HeCojCyia + 6KC1. 

Hydrooobalticyanic 
acid. 

The single, as well as easily decomposable Rouble cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a non- decomposable 
cyanogen radical (e.g., ferrocyanogen, YeGj^cobalticyanogen, CoaCyw) 
— are not poisonous. 

It is obvious that all these complex cyanogen compounds — both 
decomposable and non-decomposable — may likewise be viewed as 
double cyanides. 

The following list* contains some of the more interesting double 
cyanides, i.e., cyanides containing more than one metal; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : — 

Dipotassic zincic tetracyanide « . • K3Zn,C74. 

„ cadmic „ K2Cd,Cy4. 

„ nickelous „ "K^iiOj^. 



* Kekul^, Lehrbuch der ox^nischen Chemie, I, p. 314. 
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Potassio argentic diojanide KAg^Cys. 

,f aurous „ KA.v/tCj^ 

f, auric tetracyanide KA.u''',Gy4. 

Dipotassic cuprous tetracyanide K^'CxL^^y6j4, 

„ platinous „ K3Pt",Oy4. 

Tetrapotassic diplatinic decacyanide £4/Pt/''3Cyio. 

„ ferrous hexaoyanide (potassic 

ferrocyanide, yellow prussiate) K4,FeCy5. 

Hexapotassic diferric dodecacyanide (potassic 

f erricyanide, red prussiate) "K^yYeffijiQ. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) Ksj^OjCyis. 

Hexapotassic dichromic dodecacyanide K^yCr^^ji^. 

„ dimanganic „ ...... Se^i^s^^is* 

If we take, however, into account the different deportment of 
these donble cyanides with dilute acids and with ferroso-f erric salts, 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — the 
diflBicultly decomposable double cyanides — ^yield no hydrocyanic acid, 
when treated with dilute acids, and produce (with the exception of 
the ferro- and ferricyanogen compounds), no precipitate of rrussian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of elements, ferrotyyanogen, FeOyo, 
ferricyanogen, FeaCy^, cohalticyanogen, CoaCy^, etc., which behave 
like cya/aogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical), may likewise he viewed as compound 
radicals,* if by this term we denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — is either entirely or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains unaltered, thus : — 

KiFeCys + SO^Cuo" = KaCu'TeOye + SO^Ko:,, or 
K4FeCy6 + 2SO2CU0" =: Cu'JFeCye + 2S02Ko8. 

On the addition of an alkaline hydrate or carbonate, the whole 
of the heavy metal is removed as hydrate, with formation of potassic 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise preci- 
pitates with solutions of heavy metals, e.g., 

2KAgCy2 + SOjZno" = Zn"Ag2Cy4 + SOaKoa,; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 

* Compound bodies, containing the complex radicals ferro-, fern-, etc., 
cyanogen are viewed here' as molecular compounds, and no constitutional formulae 
have been attempted, although it would not be difficult to assign such formula 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently established. 
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compounds or only mixtures of ^wo insoluble cyanides ; noi^ is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute sulphuric acid decomposes ZnOya in the above preci- 
pitate, AgCy being left behind ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e.g., KaCdOyi, 
KiHgCy*, KAgCys, with precipitation of a metallic sulphide; in 
others, such as K2MnOy4, KaNiCy*, K2ZnCy4, and KjCuOyi, the 
metal is only partially precipitated as sulphide, whilst K4Fe"Oy6 
and K2Co"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and 
chromi-cyanides) difEer not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the metal which they contain. 

We employ A solution or potassic cyanide, KCy. 

N02Ago gives a permanent white curdy precipitate* of arg«iitte 
cyanide, AgCy, only, when more than lN02Ago has been added for 
every 2KCy. The precipitate is insoluble in dilute nitric acid, 
soluble in ammonic hydrate, sodic hyposulphite, and potassic 
cyanide. AgOy rcRcmbles AgCl so very closely that special experi- 
ments are required to distinguish it from the latter, or to detect 
hydrocyanic acid in the presence of a chloride. 

This maybe done (1) by boiling with dilute HCl (or less readily 
with SO2H02), when HCy is evolved ; (2) by igniting a mixture of 
AgCl and AgCy, which has been entirely freed from argentic nitrate 
by washing with hot water, when AgCy is decomposed into cya- 
nogen, metallic silver, and paracyanogen. AgCl, on the other 
hand, fuses like AgCy, but without decomposition. On dissolving 
the residue in nitric acid and filteidng, a precipitate of AgOl is 
obtained, on the addition of hydrochloric acid, or a soluble chloride, 
the silver of which must have been present originally as cyanide. 

(DiSTrNCTION BETWEEN HCl AND HCy.) 

Dilute mineral acids decompose potassic cyanide readily with 
evolution of HCy. On decomposing, therefore, a small quantity 
of KCy by dilute sulphuric acid in a small porcelain dish, and 
inverting another small dish, containing a drop or two of yellow 
ammonic sulphide, over it, the gaseous hydrocyanic acid, acting 
upon the ammonic sulphide, forms ammonic sulphocyanate, CyAms, 
and AmHs, thus : — 

SjAm, -h HCy == CyAms + AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristic 
blood-red coloration with Pe2Cl«. 

This constitutes one of the most delicate reosctions for free hydro- 
cyanic a^d, as well as for soluble or easily decomposable cyanides, 

* HffOy^ is not predpitst^d by tktg^ntio' ffittate. 
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SOaGuo", to which a solution of SOH02 has been added, gives 
with KO7 a white precipitate of cuprous cyanide, 'Cu^aCja, solnble 
in potassic cyanide (Ka'Ca'aCy*). 

N204Hg2o" gives a grey precipitate of metallic mercury, whilst 
HgOya remains in solution, thus : — 

'Hg'aCy, = Hg + HgCya. 

Iron salts are among the most delicate reagents for hydrocyanic 
acid, or for soluble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from Kvavo^, blue, and <^€vvda), 1 generate.) The 
solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air), and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
precipitated by the potassic hydrate, a fine blue precipitate or, in 
the case of a trace of HCy only, a green suspension of Prussian bhie 
is obtained. The changes may be expressed by the equations — 

(1) KHo + HOy = KCy + OH,. 

(2) SOzFeo" + 2KCy = Pe"Cya* + SO2K02. 

F60y2, by combining with 4KCy, forms the soluble double 
cyanide KiFeCye. 

(3) 2S306Fe30^^ + SJE^FeCys = 3Fe"Cy2,2'Fe'"2Cy6 + 6SO2K02. 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. HgCya 
exhibits considerable stability, compared with other cyanogen com- 
pounds. Boiling dilute SO2H02 does not decompose it. HCl breaks 
it up into HgCU and HCy. When SH2 is passed through its 
aqueous solution it is decomposed into HgS and HCy. 

The alkali salts of the compound cyanogen radicals, FeCye, 
Fe2Cyi2, Co2Cyi2, are decomposed by moderately concenti*ated sul- 
phuric acid with evolution of hydrocyanic acid. 

This furnishes us with a conyenient method for preparing a solution of 
hydrocyanic acid. Ten parts by weight of KiFeCyj (yellow prussiate of potash) 
are distilled in a flask or retort with 36 to 40 parts of dilute sulphuric acid (one 
of acid to six of water). The flask or retort is connected with a Liebig*s con- 
denser and double-necked receiver, from which any iincondensed gas can be 
carried under a Bunsen lamp, and burnt. Every joint should be ma.de perfectltf 
tight, and the condenser-tube should dip into the water placed in the receiver. 
The reaction takes place according to the equation : — 



* PeCya is difficultly obtained in an isolated condition, as it forms in the 
presence oT KCy potassic ferrocyanide, K4FeCye, containing the compound 
cyanogen radical FeOys, which in its- turn reaets upon the ferric salt. 
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2K4FeCy6 + SSOgHoa =- 6H0y + KjEe^FeCyj + SSOjKoj. 

Wliite residue 

turning blue by exposure 

to the atmosphere. 

A solution of HCy, when left to itself, undergoes spontaneous 
decomposition, giving rise to the formation of several complex 
organic bodies, among which we find chiefly ammonic formate. A 
few drops of a mineral acid (SO2H03 dilute) added to the aqueous 
solution retards this decomposition considerably. 

Hydrocyanic acid is exceedingly poisonous. Small quantities 
of the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat, and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 
with HCy, as for instance, on pouring it from one vessel to another, 
or with cyanogen compounds generally, and for the purposes of 
analysis small quantities only should be operated upon at a time. 



HYDROPERROCYANIC ACID, HAFeCye.— This acid is 
tetrahasic, i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallize out. It may also be prepared by decomposing Prussian 
blue with KHo or COK03 and separating the ferric hydrate by 
filtration, thus : — 

3Fe"0y2,2'Fe'"3Cy6 + 12KHo = 3E:4FeOy6 -f 2Pe2Ho6. 

Potassic ferrocyanide, KiFeCye -f 3Aq, crystallizes in large 
lemon-yellow crystals ; hence its name yellow prussiate of potash. 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 

K:4FeCy6 + 3Aq. E:20a"PeCy6 + 3Aq. 

Na4FeUy6 + 6Aq. CuaFeCyg + 4A.q. 

An^FeCye + 3Aq. K«Cu"FeCy6 + 2Aq. 

Ba^aFeCye + 6Aq. KaFe^FeCyj. 

KaBa^FeCye + 3Aq. NaKsFeCyg + 3Aq. 

Ca^aFeCye + 12Aq. AmKsFeCye + 3Aq. 

REACTIONS IN THE DRY WAY. 

E[4FeCy« fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus : — 

K4FeCy6 = 4KCy + CjFe + N2. 
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Heated with free access of air, or in contact with metallic oxides, 
the KG J is further conTerted into potassic cyanate, CyKo. 

REACTIONS IN THE WET WAT. 

We employ A solution op potassic ferrocyanide. 

The alkaline ferrocyanidea are readily soluble in water, the alkaline 
earthy ferrocyanides are difficultly soluble ; those of iron and most 
other metals are itisoluble in water, and many of them also insoluble in 
adds. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
are white, e.g., those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg; greenish- white, e.g., Ni"2reCy6, Co"2reCy6 ; reddish- white, e.g., 
Mn^jFeCye. Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

NOaAgo produces a white precipitate of aryentlc ferrocyanide, 
Ag4FeCy6, insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO2CU0", added in excess, gives with a solution of K4FeCy«a red 
(chocolate-coloured) precipitate of dicuprlc ferrocyanide, Cu"2FeCy6, 
whilst an insuflBcient amount of the cupric salt gives a brown pre- 
cipitate of dipotassic cupric ferrocyanide, K2Cu''FeCy6. 

S02Feo'' gives a light blue precipitate of dipotassic ferrous ferro- 
cyanide, K2Fe"FeCy«, thus : — 

K4FeCy6 + SOaFeo" = K2Fe"FeCy6 + SO2K02, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid, or chlorine water : a part of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe"K2FeCy6 + CU = Fe"2K2Fe2Cy,2 + 2K01, 

Light blue Diferrous dipotassic 

precipitate. femcyanide. 

or potassic ferricyanide in which four atoms^of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyanide is, in fact, readily converted into jpotassic 
ferricyanide, K6Fe2Cyi2 (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

PCaCle gives an intensely &Z^*e precipitate of 3Fe"Cy2, 2'Fe'"2Cy6, 
called Prussian blue, thus : — 

3K4FeOy6 -h Te^Gl, = 3Fe"Cy2,2'Fe"'2Cye + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
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mineral acids, but dissolves in oxalic acid to a blue liqaid (blue ink), 
and in amnionic tartrate to a violet liquid. It is decomposed hy 
caustic alkalies, as well as by calcic and even more readily and 
completely by magnesic carbonate (magnesite). On boiling with 
mercuric oxide, Prussian blue is entirely decomposed into HgOyj 
and ferrous and ferric oxides, thus : — 

3Fe"0y3,2'Fe"'20y6 -h 9HgO = OHgOya 4- 3PeO .+ 'iPe^Os. 

Bj adding an insufficient amount of FesClg to a solution of 'K^qOj^^ a blue 
precipitate is likewise obtained, which is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks) . It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocjanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt), with 
evolution of carbonic oxide (method for preparing carbonic oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic sulphate, thus : — 

K^FeCye + 6SO3H02 + 6OH2 = 6C0 -h 2SO2K02 -h SOzFeo" 

+ SSOaAmog. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates in the cold, as a white 
crystalline powder, which turns rapidly blue. If ether be added 
to the solution of potassic ferrocyanide, previous to its precipitation 
.with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROPERRICYANIC ACID, HeFejCyw.— This acid is 
hexahdsic, since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic f erricyanide is derived from K4reCy6 by a process of oxida- 
tion, as, for instance, by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue precipi- 
tate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K4FeCy6 + CI2 = KeFe^Cju + 2KC1. 

It is efEected by the abstraction of two atoms of the metal potassium 
from two parts of KiFeCyc. Two atoms of cyanogen are transferred 
to two molecules of PeOy2, whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash, on account of the dark 
red coloured crystals, which can be separated from potassic chloride 
by crystallization. 

Reducing agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 
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6KGy/Fe''',Cye + K^ = 8KCy,2Fe''Cy„ or 2(4KCy,FeCy2) 

= 2K:4FeOy6. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — 

SH2 converts the fern- into a ferrocyanide, with separation of sulphur, 
KI „ „ „ with precipitation of iodine, 

CrjOa, or its salts, in the presence of KHo, is converted into CrOs, 
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NH3 gives with K6Fe2Cyi2 potassic and amnionic ferrocyanides 
with evolution of nitrogen gas, thus : — 

eKeFe^Cju H- I6NH3 = 9K4FeOy6 + SAm^¥eCje -h N4. 

Many organic substances, e.g,, sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to CO2 
and OH2. Indigo is bleached. Phosphorus, sulphur, and iodine 
are converted by the action of K6Fe20yi2, in the presence of alkalies, 

into POHos, SO2H02, 1 Q2o- 

Analogous to potassic ferrocyanide, ferricyanogen forms double 
ferricyanides, by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides : — 

KgFesCyia Baf^KuFeiCjij + 3Aq. 

NafiFejCyia + Aq. Fe"8Fe2Cvi2 (Tumbull's blue). 

Ca"3Fe2Cyi2 + 6Aq. 

REACTIONS IN THE DRY WAT. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS m THE WET WAT. 

We employ a solution op potassic ferrictanide. 

The alkaline ferricya/nides are readily soluble in water. The others 
a/re mostly insoluble. 

J^O^Ago produces an orange coloured precipitate of arventlc ferri- 
cyanide, Ag6Fe2Cyi2, insoluble in dilute nitric acid, but readily solu- 
ble in ammonic hydrate, and potassic cyanide. 

S02Feo" gives a blue precipitate (TumbulVs blue) of Fe"8Fe2Cyi2, 
triferrous ferricyanide, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferroso- ferric hydrate : — 

Fe"3Fe2Cyi2 + 8KH0 = 2K4FeCy« + Pe804,4OH2. 
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FOaClft prodnces no precipitate, but gives a brownish coloratiori. 
The deportment of potassic ferro- and ferricyanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



HTDROCOBALTICTANIC ACID, He'Co'^aCyij.— Solutions of cobaltous 
salts are precipitated by KCj. The precipitate consists of flesh-coloured or 
cinnamon-brown cobaltous cjanide, CoCys. Excess of potassic cyanide dissolves 
the precipitate, forming a readily decomposable* double cyanide, which, on 
boiling, or on the addition of HCl, is converted into a difficultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus : — 

2(4KCy,CoCy2) + 2OH2 = KeCogCyij + 2KHo -»- Hj. 

Potassic cobalti- 
cyanide. 

This double cyanide is of great interest, becauje it enables us to separate 
cohaltfrom nickel ^ both qualitatively and quantitatively. 



CYANIC ACID, CyHo. — Obtained in the form of potassic cyanate by the 
oxidation of KOy or K4FeCyg. This salt is very stable when heated by itself, 
but deliquesces in the air, and is broken up by water into an acid carbonate and 
ammonia, thus : — 

CyKo + 2OH2 » OOHoKo -»- NH3. 

Potassic cyanate is invaribly found in commercial potassic cyanide j sometimes 
to k considerable extent. 

BEACTIONS IN THE DET WAT. 

It acts as a flux in blowpipe reactions, and is a powerful oxidizing agent. 
When heated with charcoal, it is converted into KCy, 00, and CO2. On heating, 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

EEAOTIONS IN THE WET WAT. 

J%e cyanates of the alkalieSj alkaline earths, and a few metallic oxides are 
soluble in water, but decompose rapidly with evolution of ammonia. The cyan- 
ates of silver, lead, mercurosum, cupricum, are insoluble in water. 

N02Ago produces with potassic cyanate a white precipitate of argentic 
cyanate, CyAgo, soluble in ammonic hydrate, and in dilute nitric acid ; AgOy is 
insoluble in nitric acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes CyKo 
with effervescence, owing to the liberation of CyHo, which affects the eyes most 
painfully, and is recognised by its pungent odour, resembling that of strong acetic 
acid ; the greater portion of the liberated acid is, however, decomposed at once 
by water into OO2, and an ammonic salt, thus : — 

20yKo + 2SO2H02 + 2OH2 = 2CO2 + SO2K02 + S02Amo2, 

and it is by testing for ammonia, by means of caustic lime, that its presence can 
be shown. 



SUIiPHOCTANIC ACID, CyHs. — Obtained in combination with potas- 
sium by heating KCy with sulphur or a metallic sulphide. Hence the usefidness 
of potassic cyanide tor reducing metallic sulphides in blowpipe reactions. 
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SBACTI0N8 IV THB DSY WAY. 

GyKs can be fused out of contact with the air, without undergoing decom- 
position. It turns first brown, then green, and lastlj indigo blue, but becomes 
again colourless on cooling. In contact with the air, OjKs is converted into 
cyanate and sulphate, with disengagement of SO^. The sulphocyanates of the 
heavy metals are decomposed upon ignition, OS2 being given off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is evolved, whilst a 
metallic sulphide is left : — 

4^Cu8" = N2 + 3 1 ^^ + 2CS2 + 4CuS. 

BBACTIOyS IN THE WBT WAT. 

We employ a solution op ammonic sulphoctanatb, CyAms. 

VO^Ago produces a tokite curdy precipitate of aryenttc sulphocyanate, 

CyAgs, insoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
m>m which it crystallises out on evaporation. It is also soluble in CyAms or 
Cy£s, forming a double sulphocyanate (CyAgs, CyKs), from which water or 
hydrochloric acid precipitates granular — ammonic hydrate, crystalline CyAgs. 
SO2CU0'' gives a black crystalline precipitate of cuprlc sulphocyanate, 

>-7Cus'', which, on standing in the liquid is converted into cuprous snlpho- 

^ Cv 

cyanate, p^Cu2s''. This characteristic cuprous salt is obtained instantly by 

adding SOHoj, or a solution of a ferrous salt to the cuprie salt. 

Fe^Cl^ produces an intensely red solution^ owing to the formation of a soluble 
ferric sulphocyanate, Cy6Fe2S'^*. Alkaline sulphocyanates furnish us, on this 
account, with a most delicate reaction for ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic add. The blood-red colour 
is destroyed by HflrCl2. On introducing some metallic zinc into the blood-red 
solution, SH2 is evolved. 

QUESTIONS AND EXERCISES, 

1. Explun the derivation of the term cyanogen, 

2. Why are \ ^j^, PeCye and 'V^Cji2 viewed as compound radicals? 

3. How are KCy and K4FeCy8 prepared ? Describe their properties, as far as 

the analytical data illustrate them, 

4. Explain the action of heat upon KCj and K4Fepye, Ist, out of contact with 

air ; 2nd, with free access of air. 
6. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 
ments? 

6. Explain the changes which cyanides of the heavy metals undergo upon 

ignition. 

7. flow would you prepare cyanogen gas ? Describe its properties, 

8. Classify cyanides according to Qieie solubility in water. Enumerate some of 

the more important sinele cyanides. 

9. What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished 
from the difficultly decomposable double cyanides P 

10. Enumerate, 1st, easily decomposable double cyanides; 2nd, difficultly decom- 

posable double cyanides. 

11. G-ive reasons for the existence of the compound radicals ferro-, fern- and 

cobalticyanogen in the double cyanides K^eCj^, i*T^"a^e^Cyi2, 
Cu",Co2Cyi2. 

12. Explain the action of dilute acids upon single cyanides and upon easily 

decomposable double cyanides. 

13. Explain the difference between a precipitate, produced by a solution of a salt 

M 
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of a heayy metal with a solutioii of an essalj deoomposable double cyanide, 

or with an alkaline ferro- or ferricjanide. 
14. What i» the action of ^ydrated and carbonated alkalies i:^n the two ulimii 

of double cjanides ? 
10. Explain the action of SH^ upon the following cjanides and 6OM0 

cyanides : HffCjsi l^CdCjt, KAgCy^ JL^UnOj^, KfiuCy^ ^fioOy^ 

K2NiCy4. 

16. How is AgGj distinguished from AgOl ? 

17. Describe the action of HCy upon S2Am3, and explain how toaces of HCj 

can be detected, in the presence of ferro- or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of H0CI2 over that of 

HarCyj? 

19. Explain the use of ferroso-ferric salts for the detection of HGy. 

20. How is HGy prepared ? Describe its properties. 

21. Describe shortly now yellow prussiate of potash can bd prepared. 

22. Enumerate some of the more common f errocyanidetf. 

28. How would you examine a ferrocyanide insoluble in adds, e.g., Prutrian 

blue? 

24. Explain the action of EHo upon Prussian blue and upon TumbuECs blue, 

25. Explain what reactions ferrous and ferric salts give wil^ ferro- And forn* 

cyanides. 
26b Exp lain the formation of soluble PmssiaB blnok 
27. What is the action of dilute or of concentrated sulphuric acid upon potassie 

ferrocyanide? 
2d. State how H4FeGyf is prepared. 

29. Explain the conversion of potassie ferro- into ferricyanidd. 

80. Oiye instances of the oxidizing action of potassie fenicyanide in: alkafine 

solutions. 

81. Enumerate some of the more important metallic ferricyanides. 

82. How can argentic ferro- and ferricyanides be separated from each other f 
88. What decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonic sulphate and nitrate ? 

84. How is CyHo recognized in the presence of a cyanide ? 

85. What is the action of concentrated SO3H02 upon a cyanate ? 

86. What reactions take place when potassie cyanate is heated with charcoal, 

with MnOs, or with OH2 ? 

87. Explain the formation of potassie sulphocyanate, and state what change it 

undergoes when heated m contact with air. 

88. Explain the action of nascent hydrogen upon ferric sulphocyanate. 

89. Why does potassie sulphocyanate enable ui to disttngaisb between ferrous 

and ferric salts P 

40. Calcidate the percentage composition of cuprous sulphocyanate, p^Co^'^ 



Cbapteb VIIL 
BKACTIONS OF THS ACIDS. 

B. Organic Acids. 

Most organic acids cannot be distinguished qnalita^iiYely as readily 
as inorganic acids. A few of the more generally ocGmring acids 
wliich can be readily detected, claim a sltort notice. 

The greater number of organic acids consist of carbon, hydro- 
gen, and oxygen; some also contain nitrogen. There is no organic 
aoid known contaiiiing cmly two single atoms cf an element, and 
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only one containing three, viz., hydrocyanic acid, HON ; whilst the 
nnmber of atoms in a molecale of most organic acids^ as ^ in*- 
staoce in stearic acid, CisHanGs, is far greater than in any inorganid 
componnd. 

The element with which oxygen, hydrogen, and nitrogen are 
gronped in organic acids is ccvrban^ whi<^ in most cases, probably 
in all, acts as a tetrad element.'* 

Ghroiips of elements performing similar functions in organic aoidn, 
and bnilt np invariably in the same number, are called torwpownd 
organic radn^caU, 

Nearly every organic acid contains one acidifying principle Off 
two negative compound radicals, e.g. :— 

Q-KTMi NEEC-f-C^N", or 



i 



I 
O 



The 0emi*molecule of each of these compound radicals contains 
one atom of carbon with one bond left free to combine with another 
element or group of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxyl. In the molecule! tize two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aq'deoui 
solution of cyanogen (one volume of water dissolves aboi^it four 
volumes of the gas) is speedily transformed maitdy into ammonia 
oxalate, thus : — 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus :— « 

{ gg!!,' + 2KHo + 20H, = I gg|° + 2NH,. 

from which salt oxalic acid can be obtained* 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 

r co(im,o) _ r cn- ^^^ 

\ OOCNH^O) - 1 CN'" + ^"^•• 

Oxalic acid, or the molecule of the Compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e.^., 

* Frankland : Lecture Notes, vol. ii, page 2. 

M 2 
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sngar, woody fibre, etc., by the action of powerful oxidizing agents, 
snch as concentrated nitric acid, and* is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks np nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
ca/rhonates, with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 

In the free state organic acids are either volatile^ and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are nori'Volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 

QQ-a ' — Obtained in a great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usuB.lly prepared by heating a mixture of equal weighte of crystallized 
oxalic acid and glycerine to 75° 0., and distilling with water — 

rCOHo _ fH .CO 

iCOHo - ICOHo ^ ^^'• 

Formic acid distils at 100° C. It is of interest, as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustrates the structure of organic acids. 

By a successive increment of CH2, or by substituting for H — 
the positive element in formic acid — successively semi-moleeules of 
the compound organic radicals methyl, CH3, ethyl, CsHs, etc., the 
whole series of fatty acids can be obtained, thus : — 



Formic acid | ^^^^ 



O 



H— 0— 0— H 
H O 



Acetic acid i CH, or i Sotto H— 0— C— 0— H 

[COHo * ^^^"^ I 

H 
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{p. H H 

COHo i ^ 

H 

Butyric acid -l CH2 or < qS^ 



V- 



COHo 



Stearic acid i (CH^)!, or | ^'^^ 

The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — ^to mention only stearic acid — are quite insoluble 
in water. Those containing more than three atoms of carbon per 
molecule exhibit a number of isomeric modifications, as yet more 
or less imperfectly studied. 

BEACTIONS m THE DRY WAT. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and 
a little carbon, with disengagement of combustible gases — ^mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off CO2, CO, and OHs, leaving the metal (generally mixed with a 
little carbon). 

BEACTIONS IN THE WET WAY. 

CON * 

All formates are soluble in water ; some also in alcohol. 

Formic acid And formates are readily recognized by their pro- 

Serty of reducing salts of the noble metals, e.^., AuCls, NOaAgo, 
TaOiHgao", or HgCla, to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidized by formic acid. 

Formic acid or a formate, when heated with a solution of 
potassic dichromate and oil of vitriol, is broken up, with evolution 
of CO,. 

This reducing action distinguishes formic add from acetic acid amd 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic oxide, which latter 
burns with a fine blue flame. (Method of pbepabinq oabbonig oxide 
GAS.) The mixture does not blacken. The decomposition is expressed 
thus : — 

I COHo "^ SOjHoa = CO -h SOaHo, -f OH,. 
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ACETIC ACID (Vinegar), | ^^|^^.— Obtained either by the 
ozidatkOL Qf aljtjohol, thus . — 

{chIho + O2 = { COHo "^ ^^- 

or by the destmctive distillation of vegetable substances, fspecially 
of wood. Pure acetic acid boils at 118° C, and is prepared hj 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated sulphuric acid (6 parts by weight). The crude acid is placed 
over M11O3, in order to destroy any SO2, and rectified by distillation 
over a little sodic acetate. 

REACTIONS IN THE DRT WAY. 

Acetates are decomposed upon ignition, yielding a peculiar 
inflammable y>(^tile liquid called acetone, < /^qtitt j thus :— ^ 

The acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate; those of the heavy metals 
leav« either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with caustic alkalies (soda-lime), dry sodic acetate gives 
off marshrga$yOT light carhwetted hydrogen, CH4, thus : — 

^{cONao "^ N^aHo,CaHoa = 2CONaoa, + CQCao'^ -h SCH*. 

The gas can be collected in the usual manner over water, and on 
applying a light it bums quietly with a yellowish flame, with for- 
mation of water and carbonic anhydride. It forms one of the con- 
stituents of the gas-bubbles which are seen to rise from the bottom 
of stagnant waters, where decaying organic matter has accumula^fced* 
Hence its name marsh-gciB., 

Its specific gravity is 'hh^ when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 cril^s. A mixture of marsh- 
gas and air — one part by volume of the hydrocarbon with 10 of air 
— explodes powerfully when a Hght is applied. Light carburetted 
hydrogen forms a constituent of ordinary coal-gas, and is likewise 
found in coal mines, where it gives &equently rise to explosions 
when mixed with air and fired. It is called by the rxmieT fire-damp. 
The atmosphere left in the workings of a coal-pit, after an explosion 
of fire-damp has taken place, is called chohe-damvp^ or after-^damp^ 
consisting to a large extent of carbonic anhydride. 

REACTIONS IN THE WET WAT. 

{CH 
CONao ^*^ ^ employed. 
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All acetates a/re soluble in water. Argentic and mercurons acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqueons solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetle 

{CH 
COEt ^^ ^ ethyl) is formed which 

possesses a peculiar fragrant odour. The change is expressed 
thus:— ^ 

{ CONao + ^*^*' + ''0'^°' = { COBto + SO>HoNao + OH^ 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEt2, be formed, the odour of which would mask that of the 
acetic ether. 

By distilling an acetate with moderately dilute sulphuric acid 
in a retort, free acetic acid is obtained, which is recognized by its 
characteristic pungent odour. It ca/rmot be oxidized by aqueous 
chromic acid. 

FejCle added to a solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as basic ferric acetate, in the form of hrownish-yeUow flakes, 
AmHo precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Amnionic acetate, especially in the presence of ammonia^ dissolyes several 
insoluble sulphates, e.g,, BO^Sio", BOsCao". 

Approximate Separation of Acetic Acid from its next higher 
HoMOLOOUES. — ^Add enough caustic potash to oonyert the acetic 
acid into binacetate and distil. The acid containing the least 
number of carbon atoms, beii^ the stronger, is first neutralized, 
and if sufficient potash has been added, the distillate is obtained 
free from acetic acid. 



STEARIC ACID, | cqh^.— Found in fatty bodies, e.^,, 

r CHaHo 
pure mutton fat, in combination with glycerine, < CHHo . When 

[CH2H0 
heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soap^ freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochloric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest facility in alcohol, irom which it crystallizes 

f C H 

in milky-white needles. Its composition is Oi^^O^ or < /^quI* 

{C H 

contains generally — 
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20 — 25 per cent, of water 
7 — 8 „ „ soda (ONaa) 

and &il — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 grms., cut np into 
thin slices, in a porcelain dish, with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 
to cool, when the fatty acid is obtained as a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 



QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compomid organic radicals are met with in organic acids, and 

show the relation which exists between them. 
8. How are the several salts of organic acids influenced by heat, and what 
inference can be drawn from this action ? 

4. Explain the structure of the several members of the fatty acid series. G-ive 

illustrations. 

5. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air ? 

6. How can a formate be detected in the wet way ? G-ive equations. 

7. State how you would prepare pure carbonic oxide from baric formate. 

8. You have given to you plumbic formate, how would you prepare therefrom 

formic acid and sodic formate P 

9. State how acetic acid is prepared. 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas? 

12. Explain the termB fire-damp, and choice-damp y or after-damp, 

IB. How can the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. What residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

16. Explain how you would obtain acetic ether, describe its composition and 

properties. 

17. Give graphic formula for marsh-gas, cyanogen, acetic ether, acetone. 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuCls, yielded 2*235 grms. of metallic gold. How much 
formic acid by weight did the solution contain ? 

20. A quantity of crystallized argentic acetate leaves upon ignition 1*236 grm. of 

metallic silver. How much acetic acid does this coiTespond to P 

21. How much dry sodic acetate must there be decomposed in order to obtain 

20 litres of marsh-gas P 



BENZOIC ACID, | q'^^, or shortly BzHo.— Is found 

in many gnms and balsams, from which, it is obtained by subli- 
mation. Heated in a tube open at both ends, the acid sublimes in 
long needles, giving off a very irritating vapour. Heated on 
platinum foil, benzoic acid bums with a luminous smoky flame. 
The crystalline acid is very slightly soluble in water or acids. 



{ 
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and floats on water. Benzoates of tetrad metals are mostly insoluble 
m water, all others are soliMe, 

"Pb^GU gives a pale yellow precipitate of basic ferric benzoate, 

BzeFeiO'^jFejOs + 15 Aq ; and amnionic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 41). 

On distilling benzoic acid with lime or baryta, benzol (benzene)^ 
CeHe, is obtained — 

GoAo + ^^^ = ^«^« + OOCao". 

Dilute acids precipitate benzoic acid from aqueons solutions of 
benzoates ; dilute nitric acid is without action upon it. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SO2. 

rOOHo _ 

SUCCINIC ACIDX C,Hi, or briefly SxiELoi.—Dihasic acid,-- 

LCOHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the loD^-continued action of nitric acid upon butyric, stearic, or 
marganc acids. The acid crystallizes in white plates, is readily 
soluble in water, alcohol, and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in 
silky needles. Heated upon platinum foil, it bums with a blue 
flame and without smoke. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate mixed with carbon. 

Most succinates are soluble m water. 

Plumbic acetate gives a white precipitate of nentral plumbic 

rco — ' 

succinate, < CsHiPbo", which is rendered basic by treatment with 

ammonic hydrate. 

Fe2Cl6 produces from a solution of neutral ammonic succinate, 
a brownish-red, voluminous precipitate of basic ferric succinate, 

Su3Fe2O^,Fe20s, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This bea^ction 

SERVES FOR THE SEPARATION OF Mn" FROM Fe*^.) 

On boiling the precipitate produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained which can be separated 
by filtration from the insoluble residue. On the addition of alcohol 
and BaClj to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHoj). 

QUESTIONS AND EXERCISES. 
1. How are benzoic and succinic acids prepared ? Qiye graphic formulsB. 
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& How woold jou distinguuh 5&Ho from^uHo^ ia: tlM^dry way P 

8. State how the precipitate produced by BsHo And SuHo^ with V^fiU 
U8 in flirtAngniahin^ between these tmomcaidi*^ 

4. How would you prepare benzol £rom benzoic acid ? 

5. Yon haye giyen to yon a mixtnaaee of plumbic benseate and snceuiate. Stato 

how yoti ipouid obtain die tmo acids in the free state. 

6. 1'340 gnn. oi the ai»Mitie salt of an organic amd leaves upon ignition '682 grm. 

of metaUio Ag. what is the molecular weight of the acid? 



OXALIC ACID, {co^—I^^hasio omci.— Obtaaned by the 

oxidation of a large nnmber of organic bodies, e.^., engar hy nitrio 
aeid; or woody fibre, by the action of caustic alkaliee. The free 

acid, < r%r\TT + ^-^q* ^s a* violent poison. It crystallizes in rhombic 

prisms with two molecules of water of crystallization, which it loses 
when exposed to drj air, t.£u, it effloresces and crnmUes to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of ealta, neutral and 

aeu{ f)xaJates, < Qrv^^ i<<^d < ^^-o-, exist (besides some 0tq[>er-a0Nf 

oxalates). 

BBACTIONS IN THE DEY WAY. 

Oxalic acid when heated by itself, snblimes for the most pa(rt 
Hnchanged ; a portion of it breaks up into CO, COs and some 
formic acid. Oxalates yield, upon ignition, different products of 
decomposition, according to the nature of the base contamed 
thevein. 

AlkaUne oxalates leave a ca/rhonate, with slight Hadi^ening, and 
give of! oarbomc oxide. 

AlkaUne ea/rthy oxalates leave a ca/rhonate, together with some 
caustic hose,, if a strong heat be applied, and give off CO and CO2. 

Oxaloses «ontaifiiag me^lMc hoses which do not form carbonates, 
C9 ^e carbooates ei which are decomposed by heat, break up into 
metalUc ooddes, and give <^ equal volumes of CO and CO2, or ixito 
metail^ as for instance axge»tie axalate, giving off C0». 

EfiA0TIO»8 W THl WIT WAY. 

We employ a BOi^TiTiO^ OJ* ajiiiqnki oxaiatb, < /joA^^o- 

Oxalates a/re either soluble in water, e,g,, the alkaline oxalates 
and a few metallic oxalates ; or insoluble in water, hut scMle in 
acids, 

CaCla (SOaCao" or CaHos) precipitates even from very dilute 

{CO 
^/^Cao^', readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in pataasie w ammonic hydrate. Heat promotes the pre- 
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cipitatiocL from very dilute solntioiks. This ecmstitutes one of the 

most delicate reactions for oxalic acid. 

BaCla gives from solntioBs of aeutral oxalates 9, white precipitate 

( CO 
of iMurlc oxalate, i Q^Bao" + Aq, solnble in oxalic acid, readily 

soluble in hydrochloric? or nitric aeid^ 

NOsAgo produces a wJdte precipitate of arstntte oxatalft, 

I COA » soluble in dilute nitric acid, and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into CO and CO2, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
of OH,. The gaseous mixture is passed through a wash-bottle con- 
iaiiiffig caustic soda or lime-water, and the carbonic oxide gaa is 
collected oTer watac Tke gas burns with a blm flaaneu (TTsual 

VETHOD FOB PBEPABING OABBOiaC 0;Sn>B.) 

Oxalic acid, or oxalates in the presence of free mineral acidSi act 
as reducing agents. 

Treat a little black oxide of mangaiiese and o^alie odd, or an oxalate, with a 
few drops of ooncentraifced sulplmrie acid« Efferreseenoe ensues. The gas wbifih 
escapes is carbonic anhydride, thus : — 

MnOa + { QQ^l + 2SO3H03 = 2OO3 + SOgllCwy + SO3K03 + 20H8. 
A solution of gold is reduced to metallic goldi thus. ; — 

2AuCl8 » sj^OHo " ^^^3 + Au3 + 6H01. 
Potassio peoemaoganate is speedily veduoed (dec^orised)i, 

QUESTIONS AND BXEBCISBS. 

1. How is oxalie aeid obtained ? Describe shortly its properties. 

2. What changes does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating 

with SO2H03 ; drd, upon treatment with SOsHo^ and IKnOa or Or^f Kos ; 
4th, in contact with AUCI3 ? 
9. How would you distinguish calcic oxalate from calcic carbonate^ fluoride, 
borate or phosphate ? 

4. What takes place when potassic, argentic, calcic, or zincic oxalate is ignited by 

itself? 

5. How would you prepare pure carbonia oxide gas from sodic oxalate P 

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost without 

any blackening ? 

7. Calculate how much HjnOs is oontaintd in a sample ol Uadk mMiganio oxide, 

2*2 grms. of which, w^n treated with < nOKo^"^^ SO3H02, yielded 1*662 

grm. of OO3. 

8. The eal<ac salts in one litre of water are precipitated with ammonic oxalate. 

The precipitate yields upon ignition 1*696 grm. of OOOao'A How much 
CaO does thci water oentaiQ, lat, per gallon, 2nd, per 100,000 parts ? 

reoHo 

TARTARK; AOIDX chH5' shortly TEor-JDibasifi aoid.— 

LCOHo 
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Found in grapes, tamarinds, pine-apples and several other fruits in 
the form of hydric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or argol, an impure hydric potafisic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

BBACTIONS IN THE DBT WAY. 

Tartaric acid is decomposed by heat, giving off a peculiar odour ^ 
resembUng that of burnt sugar (caramel), and leaving a residue of 
carbon. Alkaline tartrates when heated in a test-tube, are decom- 
posed with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black flux), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carlwn mixed with metallic oxide or metal. 

REACTIONS IN THE WET WAT. 

We employ a solution of taetaeic acid, and for some reactions 
A SOLUTION OF A NORMAL SALT (Eochelle soUy or potassic sodic tar- 
trate). 

The alkaline tartrates a/re soluble in water, the acid salts less so 
than the neutral tartrates. 2%e normal tartrates of the alkaline earthy 
bases, of the earths and heavy metals, are dificuMly soluble in water, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric add serves to 
prevent the precipitation of FCaOa, OraOs, ZnO, NiO, OoO, MnO, 
OuO, PbO, BigOs, PtOa or OdO, whilst some other substance, 
e,g., POH03, if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 

precipitate of taydric potassic tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation and by 
allowing to stand for some hours. Alkalies dissolve the precipitate, 
forming a normal tartrate, soluble in water, from which acetic acid 
reprecipitates the hydric potassic tai*trate. 

CaHos added to excess, precipitates free tartaric acid as a white 

calcic tartrate, TCao''. 

CaCls (but not SOjCao", except on long standing,) precipitates 

from a solution of a normal tartrate, white calcic tartrate (TCao^', 
+ 4 aq.), soluble in acids, even tartaric acid, in ammonic salts 
(AmCl), bat not in ammonic hydrate. The precipitate, especially 
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as long as it is amorphous i.e., recently precipitated, is soluble in 
cold potassic or sodic hydrate, which is nearly n-ee from carbonate, 
but is repredpitated on hoiling as a gelatinous mass, which redissolves 
on cooling. 

NOjAgo produces from a solution of a normal tartrate (e.g., 
Rochelle salt) in the cold a white curdy precipitate of argentic tar- 
trate, TAgOj. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a clean test-tube or flask during ten to twenty minutes, 
in water, heated to about 66° C, the glass becomes coated with a 
fine silver mirror. (Chabactbeistic reaction for tartaric acid.) 

AcsPbo" gives a white crystalline precipitate of plnmblc tartrate, 

TPbo", from solutions of tartaric acid, or its soluble salts. The 
precipitate is soluble in nitric acid, and in ammonic hydrate ; the 
latter giving rise to the formation of plumbic ammonic tartrate, 
which cannot be precipitated by Am Ho. 

Tartaric acid and ammonia dissolve S02Pbo". 

Concentrated S02Ho2 decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SOj, CO2, and 00, and separation of 
carbon. 

QUESTIONS AND EXEECISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. What is the composition of black flux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 

5. How can tartaric acid be detected in the wet way ? 

6. Give graphic formulas for Bochelle salt, argentic and plumbic tartrates. 

rCHHo(COHo) _ 

Citric acid, <{ oh (COHo) + aq., or briefly CiHos.— 

ICHa (COHo) 
Trihasic add, — Obtained from orange or lemon-juice. Found also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxyl by a corresponding 
amount of potassoxyl, etc. 

REACTIONS IN THE DRY WAY. 

On heating citric acid, it loses first its water of crystalliaation, 
then fuses, and is decomposed with disengagement of pungent and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 
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BEACTIOI^S IN THE WET WAY. 

Wfe wiiploy k BOLxmatf of CIHos in wiTim, ok a solotior ^tf a 

NORMAL ALKALINE CITRATE. 

Fotaasic salts give no precipitate. 

CaSos gives no precipitate in the cold from a solution of Giixio 
acid, or of a nentral citrate ; but on heaimg^ a white precipitate of 

cslcle citrate, C^Cao"), is obtadnecL (DiSTiN<moN between tartaric 
AND CITRIC ACID.) When both citric and tartaric acid are present, 
the precipitate produced by OaHos, or CaCl^ in the cold is filtered 
off, and the dear filtrate boiled, when af urther precipitate indicatet 
citric acid. 

CaOU produces at first no precipitate m the cold from an aqueouB 
solution of citric acid, or a soluble citrate; but on standing precipi- 
tation takes place and is all but completed, even in the cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained if the solution be neutral, or if it contain an excess of lime- 
water or ammonic hydrate. This precipitate is insoluble i/a sodic or 
potassic hydrate, but soluble both in ammonic salts and in acids. 

Argentic citeite, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxidee, more especially of AI2O8, of Groups 11 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acid decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and OO2 escape, at first 
without any blackening of the Squid, but on boiling for some time, 
SO3 is evolved, and carbon separates. 

QUESTIONS AND EXERCISES. 

1. Whence is citric acid derived ? 

2. Describe the tests which distinguish citric from tartariio aoicl. 
8. G-ire graphic fonmdsB for citric acid. 

4. How would you detect oxalic, tartaric, tad citric acids contained in a 

liquid? 

5. Why docs the presence of citric or tartaric acid prevent the precipitation oi 

AI3O8 or PeaOs by AmHo ? 

6. How would you sepuute phosphoric acid by precipitation with a magneuc 

salt from a solution containing phosphates of Al*^, Pe*^, and Mn"? 
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In order to enaHe the analyst to acquire a thorongk mastery 
over the reactions for bases ana acids, some 25 to 30 simple sub- 
stances shonld bo analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 

Eendix. Thejiature of these exercises will be sufficiently indicated 
y the following examples :— 

1. Crystallized magnesie sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum* 

Microcosmic salt. 

Potassic sodic tartrate (Bochelle salt)* 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic carbonate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iocHde, and sodic chloride. 

Complex bodies should be examined systematically, and the 
results carefully noted down in the analyst's laboratory book tmme- 
diately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub* 
stance in the dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, refuse- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. NaOiPbo", 


9. 


BaCls, 


HgCl^ 




POHoBao", 


Am CI, 


{ 


COKo 


OOCao". 


COKo 

m 


2. CaCU, 


10. 


Ammonium alum. 


SrCI,, 




Chrome alum, 


BaCla. 




POHoNaoj, 
Pe,08, 


3. As^Ss, 




Si02. 


AmCl, 






NO2K0. 


11. 


OOBao", 
P80,Bao"3, 


4. Ammonium alum, 




S02Bao", 


Chrome alum. 




NaCl. 


Galena. 








12. 


Ultramarine. 


5. Chrome iron ore. 








13. 


Guano. 


6. Type metal. 








14. 


Coprolite, 


7. Stourbridge fire-clay. 








15. 


Material which has been 


8. Or02Bao", 




used for purifying coal- 


Fe^Oa, 




gas. 


OaCU, 






Sulphur. 


16. 


Alkali waste. 



TABLES 



FOB THE 



QUALITATIVE ANALYSIS 



OF 



SIMPLE AND COMPOUND SUBSTANCES, BOTH IN 

THE DRY AND WET WAY. 



N 
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Examination of a Substance in the Wet Wat. 

1st. The substance under examination is a liquid, — Examine it 
by means of well-prepared test-papers. The liquid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salfc. Or the solution possesses an alkaline reaction, 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. » 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. The substance under exctmvnation consists of a solid body. — 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural sUicates and other compounds which are decomposed with diffioidty 
by acids, are finely powdered in an agate mortar and then tevigittedf i.e., stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured off. The coarser particles must then be ground again, and made to 
pass through a fresh process of levigation, till the whole of the substance it 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the yessel, 
and can be separated by decantation and filtration. 

Ascertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiUng. The undissolved 
portion is allowed to subside and the clear fiuid decanted. This 
operation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NOjHo has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
substance is treated with acids, especially whether any and what 
gases are disengaged. 
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The reddue insoluble in water and acids shonld be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONaoa and COKoa (fusion- 
mixture) and fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain any metals 
capable of forming alloys with platinum. ► This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only babic, strontio, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; SlOs, 
MANY SILICATES ; NATIVE OB IGNITED AI2O8 AND ALUMINATES ; IGNITED 

CfjOs and Fe208; chrome iron ore; SnOa (ignited ob as tin- 
stone) ; ignited SbaOi (a FEW METAPHOSPHATES AND ABSENATES) ; 
CaFs, AND A FEW OTHEB NATIVE FLUOBIDES ; SULPHUB AND CARBON, 

are usually present in the residue. 

AgiFeCye and AgeFejCyu, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HOI or NO2H0. The aqueous extract is examined for 
acids, and the acid extract for bases. 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
-with the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Cyanogen compounds ar6 best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 8 parts of 
SOiAmoa and 1 part of NOaAmo. The metals can then be detected 
in the residue in the usual manner. 

Remark. — In order to economize time, the solution of a substance should be 
prepared at the same time as the examination in the dry way is conducted, and 
wbUst the separation into groups is effected by means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Ghroup II, and in separating Fe*\ Cr*^, 
and AI^^ by means of COBao'' in Ghroup III, may be employed in the examina- 
tion of the precipitate produced by HCl or SH^, m well as in detecting the acidR 
in the dr j and wet way. 
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To tHe greater portion of the original solution add HOI, ae 


The PBECIWTATB inaj coutain — 




G^ie FUrTBATB (Note 3) it largely 


ThClb white 
AgOl, 

(Note 2.) 

Kzamine by Table I. 


The FBBOIPITATB voBj oontain — 

UgQ, black "] 

PbS, „ Insoluble in sodic hydrate, 

Bis^ tt * oi^ yellow ammonic buI- 

CnS, „ phide. 

CdS, yellow J 

SnS, brown "" 

SnSs, yellow 

SbaSsy orange Soluble in sodio hydrate, 

BbiS(, „ f or yellow ammonic bu1« 

ASsSs, jellow phide. 

An^s* Dlack 

PtSa, „ J 

Examine by Table XL 
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long as a precipitate is produced, and heat geoHj, (Note 1.) 



diluted with water (Note 4), saturated with gaseous SHi, and gently heated (Notes 6 and 6). 



Evaporate the piltbatb till free from SH3, then add a few drops of concentrated mO^ELo, and 
evaporate to complete dryness. H oxalates or organic matter (Note 7) be suspected (indicated 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. Treat 
the residue with a little concentrated HGl, add water and heat, when it dissolves either wholly or 
leaves a white residue of SiOj (Note 8). Test a small portion of the HCl solution with ammonio 
molybdate, with the addition of concentrated nitric acid. 

(A.) No precipitate is obtained, POHos Is absent. — Add AmCl, AmHo, and 8 Am^, to the remaining 
portion of the solution, heat to boiling, and filter quickly ; wash well with hot water 
containing a few drops of ammonic sulphide. 

(B.) A precvpitaie ie obtained, POHos Is present. — ^Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water. 
To the filtrate add 8Am2 to slight excess, heat to boiling and filter. Wash with hot water 
containing a few drops of 8 Amj, and examine filtrates under Group lY. Transfer the two 
precipitates to a porcelain dish, and digest with a little 8Ams (Note 9). FUter oS and 
wash well. Neglect filtrate (Note 10). 



(A.) 

The FBECIFITATB may con- 
tain — 



A12H06, 


yellowish-white, 


AlsHof, yellowish-white. 




gelatinous. 


gelatinous. 


OraHoe: 


, bluish-green. 


CrsHog, bluish-green. 


FeS, 


black. 


FeS, black. 


ZnS, 


white. 


ZnS, white. 


KnS, 


fiesh-coloured. 




NiS, 


black. 


NIS, black. 


Cos, 


)) 


Cos, 



Examine by Table HI A. 



(B.) 

The PBEOIFITATB may con- 
tain — 



Together with the phosphates 
of (Cr) and Al, as well as of 
the alkaline earthy metals. 
(Note 11.) 

Examine by Table III B. 



To the FiLTBATE from III A. or 
ni B. add AmHo and COAmoa, 
heat gently (Note 12) and filter. 



The PBEOIPITATB 

may contain — 

COBao", white. 

COSro 

COCao 



// 



// 






Examine by 
Table IV. 



Solution mijf ' 
contain — 

Kgro. 

0E2. 

ONa2. 

Examine by 
Table V. 
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NOTES TO GENERAL TAJBLE. 

1. In case the original substance liad to be dissolved in hydrocliloric acid, 
8H2 may be passed at once. 

2. In a saturated solution of a baric salt, HCl produces a white precipitate, 
soluble in hot water. From an alkaline solution HCl maj precipitate SIH04 

(gelatinous), BHos, BzHo [and uric acid] crystalline, also SbjOf (amorphous). 
Metallic oxides, such as AI2O3 and metallic sulphides, such as ASsSa, SbjSs, 
Sb2Ss, SnS, and S11S3, which dissolve in NaHo or SsAm^, may likewise be pre- 
cipitated on the addition of HCl, and are best examined separately. 

8. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SOHos, or 
SOHoAmo, and the acid solution evaporated considerably to expel the SOg. 
Ba, Sr, and Pb, when present, may be precipitated either partly or wholly, as 
sulphates. The precipitate is best examined separately. 

4. Certain oxychlorides, e.ff.,of Bi, Sb, or Sn, may be precipitated on the first 
addition of dilute HCl, or water, but are I'eadily redissolved on the addition of 
more acid, and on gentiv heating ; or the precipitate may be disregarded, since 
SH3 readily converts tlie finely divided oxychlorides into the corresponding 
metallic sulphides. 

5. SH, often produces merely a precipitation of sidphur, owm^ to the 
presence of oxidizing agents, such as CI, Br, I (SOHoj, WOHo), lVOs]£, ClHo, 

{ OHo' I OHo' I OHo* ^^^ CrOaHoa, or of ferric salts. This precipitate 
is easily distinguished by its being white and remaining suspended in the solution. 
It may be neglected altogether. A brick red precipitate 01 PbjSCla often comes 
down from strongly acid (HCl) solutions, if the solution has not been sufficiently 
diluted with water. Cadmium is often left in solution, if too much aoid be 
present. 

6. SH3 should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of G-roup II. 

7. Organic acids, e.ff., TH02, CiHos, also sugar, etc., prevent the precipitation 
of AI2H06, etc., in Group III. (Comp. p. 172.) 

8. It is possible that this SiOa may be mixed with other substances, e.ff,, 
AljiOs. CrsOs, Fe^Os (rendered insoluble by strong ignition), SOaBao'', 
SOaSro'', in which case it is necessary to examine it separately. 

"9. If the S Ams were added simultaneously with the AmCl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, with 
formation of POAmos, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmHo. ^omp. 
p. 54.) 

10. This filtrate may contain POHog, a proof that a phosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice versd^ 
that all these metals (or one or several of them) may be present. (Comp. 
p. 54.) 

11. Small quantities of borates and fluorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaline earthy phosphates, but 
need not be examined further, since their bases will be detected in Chroup lY, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmCl, by double decomposition, 
dissolves the alkaline earthy carbonates forming chlorides and ammomc car- 
bonate, which volatilizes witn the aqueous vapour. 
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Table H.— SEPARATION OF 



The precipitate may contain M^B, PbS, BIsSsi CnS, CdS, SnS, SnSg, SbsSg, SbsSs, Amfia, 

(Comp. p. 95.) Wash the precipitate until free ftom. 



BlSiDn. — ^Wash well; boil in a little concentrated NOsHofUntil all action ceases. Dilate with 
water ; add dilute SOsHos, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (methylated) ; filter. 



BBBiDTni.^May contain BgrS, SOsPbo'' 
and S. Boil in amnionic acetate : 
SOsPbo'' dissolyesi allow to cool 
and filter. 



Besidttb consists 
of BgrS and S, 
or of S only. 

Confirm by re- 
ducing the dried 
BgrS in a bulb- 
tube with dry 
CONaos. 

Metallic mirror 
and globules. 

Fresence of Hg, 

(as mercnricum.) 



Solution. — Add 
Cr02Kos, yel- 
low precipitate 
of CrOaPbo". 

Presence of Pb. 



SoLVTioir. — Boil off the alcohol, add excess of AmHo ; 
boil and filter. 



The PBBCIPITATB 

consists of 

BiHo^. Dis- 
solve in a few 
drops of dilute 
HCl ; evapo- 
rate nearly to 
dryness and 
add water. 
Milldness from 
BiOOl. 

Presence of Bl. 



SoLimoir. — ^Acidulate slightly with 
HCr and pass SHs ; fiilter off and 
wash the precipitate with weds SHs 
water. £oil with dilute SO^Hos 
and filter. 



BBSiDini. — Bis- 
solveinBOsHo; 
add slight excess 
of AmHo, then 

{cOHo,"'* 
KjFeOye. Brown 
precipitate of 
OusFeCye. 

Presence of Ca. 



SoLUTioK. — Add 
AmHo and pass 
SHs. YeUow 

Sredpitate of 
^dS. 

Preseneo of CC 



Note 1.— CnS is somewhat soluble in S^Ams and BgrS in SNas. It is therefore advisable to 

If both CnS and BcrS are present dissolve in 
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(Au and Pt must be tested for speciallj in a separate portion of the filtrate from Group I). 
HCl; boil with NaHo, or SsAms, and filter (Note 1). 



SOLITTION may contain As, Sb, Sn (Au and Ft) as sulpho-salts. Acidulate with dilute hydro- 
chloric acid, ABs^S) Sb2S5, and SnS^ are reprecipitated. Filter and wash ; digest with 
GOHoAmo and filter. 



Hesidub consists of SbjSs and SnSs. Dissolye in boiling 
HOI. Introduce into a Marsh's apparatus in which 
hydrogen is generated by means of pure Zn and HCl. 



SbHs comes off. Collect as 
metallic Sb on porcelain or 
glass and identify the de- 
posited metal by means 
of ClNao or dry HCl gas. 

Pretence of Sb* 



The BESIDUB in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strips of zinc; 
wash and dissolye in a 
little concentrated HCl by 
the aid of platinum-foil. 
Dilute with water, and add 
SgpCl^. A white precipi- 
tate of SgP2Cl2, or of grey 
metallic Hg, is obtained. 

Presence of Sn. 



Solution contains ASsjSs* 
Beprecipitate by adding HCl. 
Confirm the presence of As 
by reducing with KCy and 
CONaos in a bulb-tube. 

MetaUic mirror and garlic 
odour. 

Pretence of At. 



dissolve the precipitate in the absence of OuS with S2Am2, and in the absence of 
32Ams, when a little OuS will be found m the solution. 



S with SNas. 
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Table IH A.— SEPARATION OF THE 



A. POH03 Is absent. — ^Dissolye the precipitate from Group IIIa. in a little dilute HOI, with the 

is perceptible. Filter off sulphur if necessary. Nearly neutralize solution with CONao2 ; add 
possible. Four off the clear liquid, which contains the chlorides of the metals Zn, Mji, Hi 
chlorides of Fe*^, Al^^ and Or*^ j throw the precipitate — which contains the hydrates (andbasio 
hot water. 



SoLUTiOK. — BemoTe BcbOlj by adding a few drops of dilute SO2H03 ; hoil, allow to subside, 
and filter off SO^Bao'^ Nearly neutralize the filtrate with CONaoj, and add pure NaHo. 
till the solution becomes alkaline ; boil and filter. 



The SOLTTTION may con- 
tain zinc as ZnNaos. 
Add SH3. White 
precipitate of 2^S. 

Presence of Zn. 



The FBEOIPITATB may contain XBH02, C0H03 and NiHos. Wash, 
diisolye in a little dilute HCl ; nearly neutralize vrith AmHo ; add 

{OS 
COAmo ^^^ ^ ^^^^ acetic acid ; pass a rajad current of , 

[] for seyend minutes through the solution and filter. 



The SOLUTION con- 
tains the manganese 
as acetate. 

AddAmCl, AmHo and 
SSAmj. 

Flesh-coloured preci- 
pitate of XnS. 

Presence of Bin. 



Besidtte. — Dissolye in HOI and -j q-^ ; nearly 

neutralize with CONaOj ; add a weak solu- 
tion of £Cy, so as just to redissolye the 
precipitate first produced. Boil briskly for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong solution of 
ClNao ; allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Pbecip. — NI2H06. 
Confirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame. 

A yellowish to sherry- 
red bead. 

Presenee of Nt. 



The SOLUTION con- 
tains the cobalt as 
KgCoaCyia. Eyapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe flame on a 
borax bead. 

A blue bead in both 
flanei. 

Presence of Co. 



Note 1. — If no pure NaHo can be procured, a comparatiye test should be made, by acidulating i 
precipitating it with dilute HCl and AmHo. If the amount of precipitate thus obtainfll 
whether Al be present or not in the mixture. 
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METALS OF GROUP IIIa. 



addition of a few small crystals of 4 q;^^* Digest at a gentle heat, as long as any chlorous odour 

COBao" and shake well. Allow to subside in a flask kept corked, to exclude the air as much as 
and Co, as well as BaClo, arising from the double decomposition of the COBao% by the 
salts) of Fe^^, Al^^ and Cr^^, as well as the excess of COBao'^ employed — on a filter and wasn with 



Pbecipitatb. — ^Dissolve in dilute HCl ; remove the BaCls thus formed, by dilute 8O2H0S and 
filter. Nearly neutralize the filtrate with CONaog, and add pure NaHo (free firom alumina) 
(Note 1) in excess, and boil for some time. Fe2Ho6 and Cr2Ho6 are precipitated. AljHof 
dissolves in excess of NaHo. 



Pbboipitatb. — ^Fuse with fusion-mixture and IVO3K6 on pla- 
tinum foil. Dissolve the alkaline chromate which is thus 
formed in hot water, and filter. 



Besidub. — ^Dissolve in dilute 
HCl and add K4FeCy6. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Dilute and test the origmal 
HCl eolution specially for 
Fe" and Fe*^ by means of a 
solution of Kn206Ko2, as 
well as by means of K4FeCy6, 
KeFejCyia, or CyAms. 



SoLiTTiON, yellow. Confirm by 
acidulating with< |.Q-^ and 

Yellow precipitate of 
CrOaPbo'. 

Presence of Cr. 

Test the original substance 
specially for Cr203 and 
CrOs, by boiling a small 
portion with CONao2. The 
filtrate contains the chro- 
mate, and the residue the 
Cr203. The latter may be 
converted into a soluble 
alkaline chromate by fusion 
with CONaos and NO2K0. 



Solution. — Acidulate with di- 
lute HCl and add AmHo 
in slight excess. 

White gelatinous precipitate. 

Prestence imT a1. 



quantity of sodic hydrate, about equal in b\ilk to that employed for redissolving the alumina, and 
&om the reagent alone, at all equals that of the Al2Ho6- precipitate, it must remain doubtful 
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Table HI B.— SEPABATION OF THE 



B. POHos ts present. — Dissolye the precipitate obtained according to the directions giyen in 
I OKo' ^ Toecesaaaj. Digest at a gentle heat, as long as any chlorous odour is perceptible. 

metals Zn, Mn, Ni, Co, Al*% Cr»^ Fe*^ as well as phosphates of Cr»', Al*^ Ba, Sr, Ca, and 
and 'I 09Q^Q as long as a precipitate is produced. Heat gently, and filter hot. 



The SOLUTION may contain the chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, Sr, Ca, Mg), as well as 
the phosphates of the alkaline earthy metals. Add Fe^Clt (Note 2), drop by drop, as long 
as a precipitate forms and till the colour of the supematuit fluid becomes red. The re- 
maining phosphates of the alkaline earthy metals are thus decomposed. Digest for some time 
at a gentle heat ; allow to subside and filter hot. Wabh with hot water. 



The SOLUTION contains now only chlorides — ^possibly of all the metals of 
Ghroup III, as well as of the metals of the alkalme earths — the whole 
of the phosphoric acid having been eliminated. Add Amd, AmHo 
and SAmj. A black precipitate is obtained. Filter. 



Solution. — Add OOAmoa. 



A white PEECIPITATE 

which may be — 

OOBai)", 

COSro", 

OOCao". 
Examine by Table IV 
(without, howeyer, 
mixing it with the 
precipitate obtained 
in Group IV). 



Solution may contain 
Mg. Add 
POHoNaoj. 

White crystalline pre- 
cipitate. 

Presenee of Mff. 

(as phosphate.) 



Examine pbbcipitate 
according to Table 
IIlAforCo,Ni,Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
disdolyed in water or 
HCl, for Fe" and 



The FfiBCiFiTATB con- 
sists of PaOsFeao^ 
and ferric acetate. 
Neglect. 



Note 1. — ^Test a portion of this hydrochloric acid solution with ammonic molybdate for 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decomposable by 

Note 2. — If PejCleProduces no further precipitate with a portion of the acetic acid solution, 
dissolution of PeS in flfel being frequently sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the mam portion of the solution, and the 

Note 3.— Instead of fusing with SlOj and OONaoj, the presence of PjOjAlaO^ GP2O2Cra0^ 
with NaHo, which dissolyes PaO^AlaO^ and decomposes the ferric phosphate, with formation of 
ivpiccipitated. 
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the General Table under Group III B., in dilute HCl, with the addition of a few oiystals of 
Filter off sulphur, if necessary (Note 1). The solution may now contain the chlorides of the 

Mg. Nearly neutralize with a dilute solution of CONaos ; then add a solution of -j #«oNao 



The PBECIPITATB may consist of PjOfFcjO^, PjOaAlaO*^ (Note 3), PjOaCraO**. Dry on the 
filter. Fuse in a platinum crucible with SiOj and pure fusion mixture, together with a little 
IVO2K0. Dissolye in hot water, add COAmos ; digest, allow to subside and filter. 



Bbsedxtb may consist of SiHo4, SisOsFe^o^S SlaOsAljO^ and Fe2Ho6. 
Acidulate with HCl ; evaporate to dmiess and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 



SOLXTTION. — Nearly neutralize with C0Na02, and 
add pure NaHo in excess. Heat and filter. 



Rksiditb.— Pe^Hoe. 
Confirm by dissolv- 
ing in HCl and 
adding CyAms. A 
blood-red colour. 

Presence of Fe 

(asjphosphate). 



Solution. — Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

Presence of Al 

(as phosphate). 



Besidue SIO2. 
Neglect. 



Solution. — Add 

({g?').P^o"- 
Yellow precipitate. 
Presence of CrO^, and 
therefore 
Presence of Gr. 
(as phosphate), 

A white precipitate of 
P202Pbo"8 indicat- 
ing the presence of 
POHog, may be neg- 
lected. 



phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAmo. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious that no phosphates of the alkaline earthy bases are left, the Pe2Cl« derived from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Ba, Sr, 
examination of the filtrate may at once be proceeded with accoiding to Table IIIa. 

is rarely met with) may also be ascertained by boiling theprecipitated phosphates of Fe and Al 
POjHoe. Filter. icidulate the filtrate with dilate HCl; add AmHo, when P202Al20'^ is 
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EXAMINATION FOR ACIDS. 

Before proceeding to the examination for acids, the analyst will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him much labour and time. 

Some acids are detected on examining for bases, viz., AS20«, 
AS2O6, Si02, and POHos in combination with metals of Group in 
and IV, Cr02Ho2, CO2, SH2, SOHoa, SSOH02, ClHo, NOHo, the 
six lastly mentioned acids on dissolving the substance in dilute HCl, 
or on adding HCl in Group I. 

A careful preliminary examination for acids will probably lead 

to the detection of a further number of acids, e.g., of HI, < qtt » 

^^""^ { OHo' ^^ { OHo' NO2H0, (NOHo), HCl, (ClHo), HF, 

HCy, H^FeCye, H6Fe2Cyi2, CyHo and CyHs, { g^^^ and { ggg^. 

The presence of other organic acids is hkewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SO2H02, evolves chlorine and red fumes 
of lower oxides of nitrogen ; in the presence of a chromate, brownish- 
red fumes of Cr02Cl2. HgCl2, Hg2Cl,, or SnCU does not evolve 
HCl when treated with S02Hoa. Polysulphides, when treated with 
HCl, evolve SH2, with separation of sulphur. SOj and SH2, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, S02Hoa, BHos, 
POH03, SiOj will have to be looked for. 

The analyst will have to bear in mind that acids cannot be 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
Rcids by the most characteristic special tests. 
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Pecpisitio3I or Solctiqsb pob Acit^ 

Great care oa^A to be bestowed upon, the piepantion of the 
sobttioiis le q o ir ed fiir the ennnirmrion of acidaL On boOmg a por- 
tioii of the sobstaiioe under exunination with COXaos nearlr all the 
melals other than alkalies are precipitated in the form of carbonates, 
bane carbonates, or oxides. 

(It if mtt tm vj to deoompoBt the wahm fat in aider to pi e ieut tl^ p [c u|iit^ 
tiOB bj the wrenl iiM^utU emplojed lor Uie detectioii of acids in the wH war, 
i?^^ of Be, 8r, Ck, or Fb, on the addition of SO^CW or SOuMgo''; of Ag, 
'Hj^s or Vb, bj BaClsor CaCls: of Fe and othen br AmHo, eie^ etc:) 

The p rec ipit ate prodnoed bj CrOXaoi (which reagent onght to 
be added in the least possible excess) is filtered ol^ and the filtrate 
tested with a few more drops of CrOXaoi. K no farther precipita- 
tion takes place, the solatum is heated to boiling, and 

1. DilnteHCl added toaportionof it, aslongas COsiserolved, 
and till the solution is rendered distinctly acid. 

(Small qoantitiea of SO^Xaos and KaCl are almost inraiial^ eoniained in 
the eommercial COXaos; it is therefore n eceamr j to test a portion of the 
aqneoofyOr HCl fokitioo at the sobstance, jncpared vithoot the interrention of 
COKaojy for SOjHoj by means of BaClf. A nitric add scdntion of the original 
•nbftanee is in like manner tested for HCl bj adding MO^Ago.) 

2. Another portion of the alkaline filtrate is rendered acid bj 
means of dilnte NOjHo and boiling. 

3. A third portion is rendered acid by means of dilate { nOH > 

and lastly — 

4. A fourth portion of the alkaline solution is car^utty neu- 
traUzed by first adding dilate NOtHo, drop by drop, and boiling, 
as long as COx is evolved, and till the solution is distinctly acid to 
teet-pAper : then by adding a few drops of very dilate AmHo, till 
the solution gives a neuh*al reaction with blue and red litmus- 
papers. The strictest attention should be paid to these directions^ and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an amnionic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.g., ammonia calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the presenco 
of ammomc salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONaos decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of MoOsAmos. (Oomp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and 11), SH2 should be passed through the 
slightly acid (HOI) solution and the precipitate filtered off. The 
solution is freed from SH3 by boiling, then rendered slightly 
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alkaline by means of a few drops of NaHo and tested by means of 
CaCU (ammonic salts should be carefully avoided). 

No further notice need be taken of the following acids : CO2, 

{CH 
COH ' ^^^^^ *^®y c^^ ^® detected with 

certainty by a preliminary examination, and as they would, for the 
most part, be lost on acidulating the solutions. 

Portion Acidulated with HCl. 

SO2H02. — On the addition of BaCl2 a white precipitate, insoluble on 
boiling. 

SiHo4. — On the addition of AmCl or COAmoj a gelatinous pre- 
cipitate, requiring no further confirmation, since SiOa is left 
on evaporating the filtrate from Group II with NOjHo. 

HiFeCye. — On the addition of FejCle a deep blue precipitate. 

SOaFeo" light „ 

HeFegCyia. — „ „ „ dark deep „ ,, 

„ „ FejCls a brown coloration only. — If 

both acids are present, filter ofi^ after adding PejOle, and 
observe the colour of the filtrate. On the addition of SnC^, 
or SOH02, to the filtrate, a blue precipitate is immediately 
obtained, confirmatory of the presence of HeFejCyu. 

CyHs. — PeaCle produces a blood-red coloration, which is destroyed 
by HgCl2 and not by HCl (the red colour which acetic acid 
imparts to a solution of PeaOle is destroyed by HCl). 

2HF,SiF4. — On the j^^dition of BaCla a gelatinous translucent 
precipitate of BaF2,SiF4 is obtained, which is decomposed by 
strong acids. Confirm by heating the precipitate, when 
volatile BiFi is given off". AmHo precimtates gelatinous 
SiHo4 with formation of AmF, BaFj and OH2. 

Portion Acidulated with NO3H0. 

HCl. — On the addition of N02Ago a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochlorio 
and chloric adds comp. p. 126. 

HBr. — On the addition of N02Ago a yellowish- white precipitate, 
difficultly soluble in AmHo. Confirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

{OBr 
QTT^ . — On the addition of N02Ago a white amorphous precipi- 
tate, little soluble in water and dilute NO3H0, easily soluble 

Q A tnay be separated by wash- 
ing with water. Argentic bromate being soluble may be 
detected in the solution by the addition of SOH03, when a 
precipitate of AgBr is obtained. 

For the distinction between HBr and HGl^ comp. page 122 . 
HI. — On the addition of NOjAgo a yellowish white precipitate, 
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scarcely soluble in AmHo. Confirm by the blue colour im- 
parted to starch paste by the iodine liberated by N2O3 gas. 

I OHo* — ^^ ^^® addition of NO^^Ago a white precipitate of ^ q A • 

sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SO Eo2. On adding acetic acid to a mixture of an iodide 
and iodate the former is instantly decomposed, iodine being 
set fi^e, — most readily recognised by the delicate iodide of 
starch reaction. 

Distinction between HGl and HI. — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by N02Ago. The precipitate is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HCl, HBr, and HL — Precipitate the 
HI as CU2I2 by means of SO2CU0" and S02Feo" or SOH02, 
and filter. Remove the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
Cr206Ko2 and SO2H02, and another for HBr by chlorine- 
water and ether. 

HCy. — On the addition of N02Ago a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the presence of HCl, filter 
off precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confirm also by the reaction with ferroso-ferric salts, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, and HCy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H02, and causing the evolved HCy to act upon a drop 
of N02Ago, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A white precipitate of AgCy is obtained ; or the 
CyAms which is formed gives a blood- red colour with ferric 
salts, aflPording equally conclusive evidence of the presence 
of HCy. 

CyHs 1 

Bf^FeCye > are likewise precipitated on the addition of N02Ago, 

HjFeaCywJ 

and are insoluble in dilute NOjHo. The first and second 
form salts which are insoluble in AmHo, whilst Ag6Fe2Cyi2 
is i^adily soluble. These acids are, however, best detected in 
the poi'tion acidulated with HCl. 
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No other cyanogen compound but a cyanide girefl off HCy irhew 
treated with very dilute SO2H03, and it is therefore possible also to 
distinguish HCy in the presence of CyHs, CyHo, HJ^eCj^f HcFe^Cyi]. 

Portion Acidulated with < qq^- • 

HF. — On the addition of CaCls a white gelatinous precipitate. 
S02Hos is likewise precipitated by CaCU in an acetic acid 
solution ; it is therefore necessaiy invariably to test specially 
for HF, by etching on glass, 

I COH ' — ^^ ^® addition of SOjCao" a white precipitate of 

r CO 

I CCi^^' ^ obtained, which on ignition leaves COCao", 

( CH 
soluble with effervescence in < qoH * (Calcic fluoride is not 

affected.) 

Cr02Ho2. — On the addition of plumbic acetate a yellow precipi- 
tate. 

POH03. — On the addition of Fe2Clj a yellowish-white gelatinous 
precipitate from a solution of a soluble phosphate, or a phos- 
phate decomposable by boiling with CONao2. Arsenic acid, 
if present, should be first removed by means of SH2. 

Portion Rendered Neqtral. 
TH02. — On the addition of CaCls a white precipitate, soluble in 
AmClor coldKHo.— SOaHo2, | qq^^, HF, POH03, AsOHo,, 

BH03, SlHoi, CO2, SOH02, are likewise precipitated by CaCla 

from a neutral solution, and TH02 can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic reaction consists in warming 

some TAg02, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of the jbest-tube. 

CiHoa. — On the addition of CaCl2 no precipitate is obtained till 
excess of AmHo, or CaHo2, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — indicated during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by CaCla in the cold should be filtered off, and the 

filtrate tested for CiHoa, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 

CiAgOs dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 
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BHo».— CaCls produces from a oonoentrated solation of a borate a 
whitish precipitate sohible in AmCl. Boric acid is also indi- 
cated in the preliminary examination by the swelling np of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concentirated SOsHos or 
HOI. 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 
imparts to the flame. (Comp. page 137 and 148.) 

SzHo. — On the addition of Fe,OU a pale yellow precipitate. Con- 
firm by the reactions which a benzoate gives in the prelimi- 
nary examination, since a precipitate of FetHog is frequently 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHoi. — On the addition of Fe,CU & reddish brown precipitate. 

For the distinction between benzoic and succinic (tcids^ com- 
pai-c page 169. 
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REACTIONS OF THE RARE METALS. 

Metals are termed rare when they occur in nature to a limited 
extent, and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing ve^ little 
affinity for oxygen, such as Palladium, Rhodium, Osmium, Ruthe- 
nium, and Iridium, are found native, and associated with the native 
metals Platinum and Gold. Others are found in combination with 
oxygen, such as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or arsenic^ such as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium. 

Others, especially the rare metals usually classified among the 
so-called light metals, having a specific gravity for the most part of 
less than 5, and yielding insoluble oxides which are mostly specifi- 
cally heavier than their metals, such as Q-luoinum, Zirconium, Tho- 
rium, Cerium, Lanthanum, Didtmium, Yttrium, Erbium, are chiefly 
met with in nature as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali group, whose oxides possess the 
most pronounced basic character and are soluble in water, such as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts, — 
carbonates, phosphates, or silicates — and in a soluble condition, in 
sea- water, or in certain mineral springs. 

The rare metals cannot be studied with advantage, without 
taking into account their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficulties, to be overcome only by careful attention, not merely to 
the distinctive analytical features, but to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group-reagents : — 

Group I. Precipitated by HGl: — Tungsten, as tungstic acid ; 
niobium, as niobic acid; thallium, as chloride! 
(Tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess of HCl.) 

Group 11. Precipitated by Sfii, from a HOI solution, as sul- 
phides : — 

(A.) Insoluble in yellow amnionic sulphide: — 
Palladium, rhodium, osmium, and ruthe- 
nium. 
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TH03 (tartaric acid) yields a white precipitate of hydrlc mbldic tar* 

trate, THoBbo, which is soluble in 10*3 parts of water of 25*' C. 

Bubidium and caesium resemble potassium, also, in forming alums, which 
differ considerably in their solubility m water. 100 parts of water of IT* O. 
dissolve 13*5 parts of potassium-alum, 2*27 of rubidium — and only 0*62 parts of 
caesium-alum. 

Separation of Caesium from Subidium. — The several platinum salts are first 
prepared ; and after having been gently heated in a current of hydrogen, the 
CsCl and BbOl can be separated from the metallic platinum by hoi water. The 
two chlorides are next converted into carbonates, by digestion with OOAgOg. 
The solution can then be evaporated to dryness, and the OOCsO] extracted with 
boiling alcohol, OOKbos being insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to the solution twice as much tartaric acid as is 
necessary to neutralise it. The two tartrates are separated by fractional crystal- 
lisation, hydric rubidic tartrate crystallising out first, being about 8 times more 
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar- 
trate yields again the carbonate, from which the various salts may then be 
prepared. 

3. LITHIU9I, Li. Atomic weight, 7. — ^Appears to be widely diffiised in 
nature, although it is found, in anythmg like quantities, only in a few bujoatbs, 
especially in lithia mica or lepidolite (2 to 5 per cent, of Li), in petalUe and 
spodumene, and in a few phosphates, such as triphylline, or ferrous [man- 
ganous] lithic phosphate, 3P202Feo''8, POLios (with 3 to 4 per cent, of Li), and 
amhlygonite (6 to 9 per cenf. of Li). It has also been found in many mineral 
springs — ^most abundantly as yet in a mineral spring in Cornwall—in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidisable than potassium and sodium. It 
makes a lead-grey streak on paper. When freshly cut, it has the colour of silver : 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but soft'Cr than lead. It fioats on rock oil, 
and is the lightest of all known solids, its specific gravity being only *59. It 
decomposes water at the ordinary temperature, with evolution of nydrogen, 
forming lithic hydrate, LiHo, but does not melt, and it ignites in air only far 
above its melting point (180° C). The oxide, OLi2, is not deliquescent. The 
metal is prepared by passing a powerful galvanic current into fused lithio 
chloride. 

BBACTIONS IN THB DET WAT. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a very distinct carmine-red colour to the blowpipe fiame, when heated on 
platinum wire. An excess of potassium salt does not materiallv interfere with 
the production of this colour ; but the presence of a small quantity of soda gives 
rise to a yellow flame. Lithic phosphate requires to be moistened first with 
hydrochloric acid. Silicates containing lithia must first be decomposed by means 
of oil of vitriol, or by fusion with calcic sulphate, or also by treatment with 
hydrofluoric acid. By means of the spectroscope the occurrence of very minute 
traces of lithium may be readily detected by a brilliant crtmson baoid, Lia, 
between the lines B and C, and sometimes a faint yellow line, if the flame of a 
good Bunsen burner be employed. 

BBAOTIONS IN THB WET WAT. 

Wb bmplot a solution op Lithio Chlobidb, LiCl. 

PtCli produces no precipitate. 

POHoNao2 (bydriG disodic phosphate) — but not the corresponding 
potassium salt — produces on boiling a white precipitate of lithic phosphate, 
2POLio3 + Aq, very little soluble in cold water (2500 parts), soluble in HCSI, 
and reprecipitated only, on boiling, after neutralisation with AmHo. 

Lithic Carbonate, especially after having been fused, is difficultly soluble 
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in cold water, hence alki^ine carbonates yield from concentrated solutions of 
lithium salts a crystalline precipitate of lithic carbonate, OOLios (1 part of the 
carbonate requires 100 parts, of cold water for its solution, but less of boiling 
water). It is insoluble in alcohol. 

Hydric llthlG tartrate is soluble. 

£ilthlc slllGOfluorlde is almost insoluble. 

Separation of Lithium. — From potassium, as well as caesium and rubidium, 
it may be separated by means of PtCli. From sodium, by conyerting the two 
alkalies into the chlorides, eyaporating to dryness, and treating the dried chlo- 
rides in a stoppered bottle wiui a mixture of ether and absolute alcohol. In the 
course of a few days the LiCl will be found dissolyed out, NaCl (like KCl) being 
inscluble in absolute alcohol and ether. 

Bema/rJc, — The student will now have no difficulty in constructing 
a table for the separation of these five metals. 

ExTEAOTiON OF LiTHiuM 7B0M Tbiphtllinb.— Dissolyc the pov^dered ore 
in HCl, with a little KOsHo (in order to conyert Fe" into Fe'^), neutralize with 
AmHo, when P202Fe20^S and P202Mno"j are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be remoyed by adding 
sSa, and filtering off the precipitated POHoBao. On remoying the excess of SBa, 
with a few drops of SO2H02, and eyaporating the filtrate, and driying off the 
ammonium salts by gentle ignition, lithic chloride is left. The hydrate may be 
prepared from this by eyaporation with sulphuric acid (so as to obtain SOsLioj), 
and addition of BaHo2, <uid filtering. The excess of BaHoj is next cautiously 
remoyed from the filtrate bj means of SO2H02. On eyaporation, white crystal- 
line, strongly alkaline, lithic hydrate, LiHo, is left. 

REACTIONS OF THE RARE METALS OF 

GROUP III. 

Group III comprises the Rare Metals Uranium, Indium (Thal- 
lium), Glucinum, Thorium, Zirconium, Cerium, Lanthanum, Didy- 
MiuM, Titanium, Tantalum, Niobium, Yttrium, Erbium, and Vana- 
dium. 

In considering the reactions by which these rare bodies may be 
recognized, we cannot do better than avail ourselves of the classifi- 
cation which nature itself has traced out in the groups of rare 
minerals in which they occur. As it is extremely (£fficult to com- 
mercially obtain any of tbeir salts in a pure state, and as the price 
charged for them puts them out of the reach of most students, it 
will be preferable to sketch out briefly, also, bow the minerals them- 
selves can be made to furnish the several salts, when once the 
mineralogical character and locality of the minerals have marked 
them out as likely to contain any rare metals. 

(A.) Bare metaU precipitated by the grmip-reagents Am CI, 
AmHo, and SAm2, in the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : — 

1. CSLVCINVM (Beryllium) Gr (or Be"). Atomic weight, 9*4.— This metal 
occurs only in a few minerals, and is found yery locaUy, as a SilioatEi in 
pheiMcitef SiQ-los (45 per cent, of Q-10), comhined ^th aluminio silicate; in 
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beryl, Bifi^Al^^QrW^ (18*8 per cent, of GlO), and in smaragdite, in eucUtse, and 
some other rare minerals, such as leucophatie. 

The metal is prepared, like the metal aluminium, £rom the chloride. It is 
white, and has a specific grayitj of 2*1. It resembles aluminium in dissolying 
in HCl, as well as KHo, with evolution of hydrogen. Its oxide forms a white 
powder, insoluble in water. It may be prepared by fusing finely-powdered 
native silicate with 4 parts of its weight of fusion-mixture, decomposing the 
mass with HCl, and evaporating to dryness to separate the SiO^. From the 
HCl filtrate both the AI2O3 and QlO are precipitated by means of AmHo. On 
boiling the precipitate, however, for some time with AmCl, NH3 is evolved, and 
glucinuni is dissolved out as chloride, Gl'^Clj. The insoluble Al^Hog remains 
behind. Pure glucina can then be precipitated from the filtrate by means of 
AmHo, as gelatinous hydrate, GIH02, which on ignition yields the white anhy- 
drous glucina, CUO, of specific gravity 3*08. 

From the oxide we can obtain the salts by dissolving in the respective acids, 
or by double decomposition, from one of its soluble salts. Glucina resembles 
alumina, inasmuch as it combines also both with acids and bases. Its salts are 
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction. 

BEAOTIONS IN THE DET WAY. 

Glucinum compounds give no characteristic reactions in the dry way. 
ir2O40oo" yields a grey mass. 

EEACTIONS IN THE WET WAT. 

Use a solution op Glttcinio Sttlphate, SOjGlo". 

The sroup-rcascnts AmHo and SAm^, as well as the fixed caustic alkalies 
and alkaline earthy bases, precipitate glucinic hydrate, GlHoj (flocculent), 
soluble, like Al^Hoe, in excess of the fixed alkalies, but not in ammonia. On 
boiling, GIH02 is almost completely reprecipitated from a dilute NaHo or KHo 
solution. (Distinction ebom AI3O3.) Like AI3O3, it is reprecipitated also on 
the addition of AmCl. 

COAmoj gives a white precipitate of fflndnlc carbonate, OOGlo", freely 
soluble in excess, reprecipitated as basic carbonate on boUing. (D18TINO- 

TION PEOM AI2O3.) 

CONaoa, or COK02, precipitates likewise white carbonate, soluble only in large 

excess of the preoipitants. 
COBao" precipitates glucinum completely, even in the cold. 

Besides these characteristic reactions, we may mention the difficidUy soluble 
double aulpliate so^K^^^^' "^ ^^^' which the readily soluble glucinic sul- 
phate forms, when brought together with potassic sulphate. 

Sepabation oe AI2O3 FBOH GIO. — Dissolve in HCl ; pour slowly, and with 
continued stirring, into a warm concentrated solution of COAmo2. A precipi- 
tate forms, consisting of Al^Ho^, the solution containing the glucinum as double 
carbonate. NeutraHze with HCl ; boil and add AmHo. GIH03 is precipitated. 

2. ZIRCOHUJSI, Zr^^. Atomic weight, 89-6.— Found as Silicate, chiefly 
in the rare mineral zircon, SiZro*^. The silicate is not attacked by acids, and 
the finely elutriated substance must be decomposed by fusion at a high tempe- 
rature vfith fusion-mixture. The mass is extracted with water, evaporated to 
dryness with HCl, in order to remove 8102, and to decompose the insoluble, 
sandy-looking disodlc zlreonate^ ZrONaos, ai^d is then precipitated with 
anmionia. The metal itself has been obtained in white metallic looking scales, 
of specific gravity 4*1, by the decomposition of the double fluoride of potassium 
and zirconium, 2KF,ZrF4, by means of metallic aluminium. The hydrate is a 
voluminous white body, resembling AlsHo^. It dries up to yellowish, trans- 
parent lumps, ZrHo4, which dissolve readily in acids. On ignition, this hydrate 
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loMS its water, and undergoes a molecular change, when the dioxide, or ziroonic 
anhydride, ZrO], is no longer soluble in dilute acids. 

Zirconium salts, obtained bj dissolying the hydrate in dilute acids, are 
colourless, and of an astringent taste. 

BBACnOKS IN THB DEY WAY. 

Of all the earthy oxides, ZrO^ is the only one which remains entirely unaltered 
when submitted to the action of the oxyhycbpogen blowpipe, and gives out the most 
intense and the most fixed light. Moistened with N^O^Coo", and intensely 
heated, the mass becomes of a dirty Tiolet colour. With borax, ZrO^ yields a 
colourless glass which becomes slightly opaque when cold. 

EEACTIONS IK THE WET WAT. 

Use a solution op Zieconio Sulphate, S204Zro*^. 

The sroup-reaffents, SAmj or AmHo, produce a white floeculent precipitate 
of zirconic hydrate, ZrHo4, insoluble in excess ; insoluble also in NaHo 
or KHo (Distinction pbom A1 and GH) . 

KHo, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AmCl (Distinction pbom G1). 

OOAmO] produces a white fljcculent precipitate of a basic carbonate, 
readily soluble in excess, reprecipitated on boiling (Distinction pboh 
Al). 

OOK02 and OONaoj, same precipitate, redissolves in a large excess of OOK02, 
especially of OOHoKo (Distinction pbom Al). 

OOBao'^ gives no precipitate in the cold, and precipitates glucinum salts im- 
perfectly, even on boiling. 

•xalic acid gives a bulky precipitate of zirconic oxalate (Distinction 
pbom Al AND 0-1), insoluble in excess, diflScultly soluble in HCl, soluble in 
excess of ammonic oxalate (Distinction pbom Th). 

HF produces no precipitate (Distinction pbom Th and Y). 

SSONaoa precipitates zirconic iiyposnlpbite (SSO)8Zro*^ (Distinction 
PBOM Y, Er, AND Di). The separation takes place on boiling, even in the 
presence of XOO parts of water to one of ZrOa (Distinction pbom Ce 
AND La). 

Zirconic sulphate, S304Zro^^, forms with potassic sulphate an insoluble double 
sulphate of Zr and K, insoluble in excess of SO^Koj (Distinction pbom Al 
AND Gl). When precipitated cold, it dissolves readily in a large proportion of 
HOI, but is almost insoluble in water, and HOI, when the SO^Koj is added to a 
hot solution (Distinction pbom Th and Oe). 

Turmeric paper, when dipped into a hydrochloric acid solution of a ziroo* 
uium salt, acquires a ^rownish-red colour after drying in the water-bath (Dis* 
tinction pbom Th). But titanic B^4d — ^the only other metal which affects 
turmeric paper under the same circumstances — colours the paper hrown, and its 
presence may therefore prevent the zirconium from being recognized. If the TlO) 
be, however, first reduced, by means of zinc and HOI, to the state of sesqui* 
chloride— the reduction being marked in the solution by a change of colour to 
pale violet or blue — ^it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires great 
care, however, as, on exposure of the paper to air, the 'Ti^'jOs, passing again to 
the state of Tl^'^Oa, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. 

Oertain chemical discrepancies in the behaviour of the zirconium compounds, 
but more especially the fact that the specific gravity of zircons from various 
localities differs greatly, have led chemists to suspect that ZrOs really consists of 
a mixture of two or more closely allied oxides, Uke the metals of the yttrium and 
cerium group. No method has, however, as yet been devised for isolating any 
other oxide. 
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3. THOHIUM, Th*^ Atomic weight 234. — ^Found in a few rare minerals 
only, viz., in thorite (orangite), consisting principallj of a hydrated silicate 
(3SiTlio^^.40Hs), in monacite and pt/rochlor. 

Thorite is decomposed by moderately concentrated SO^Hoo, and also by con- 
centrated HCl. The oxide or anhydride, ThO*, is white when cold, yellow when 
hot. The moist hydrate dissolves readily in acids ; the dried hydrate only with 
difficulty. Thorium salts containing colourless acids are white. 

BBAcnoNS nr thb dby way. 

ThOj} when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gires a colourless borax bead. It yields no charaotenstic 
reaction with 19'304Coo". 

BEACTIONS IK THB WBT WAT. 

Use a solution op Thoeio Sflphatb, Si04Tho*'. 

SAm,, or AmHo (yroup-reasents), precipitates the white gelaHnous 

hydrate, ThOHoa, insoluble in excess. 
KHo, or NaHo, same precipitate, insoluble in excess (DiSTnroTiOK FBOX AI 

AND Gtl). 
OOAmoa, COE03, or OONaoj, precipitates white basic tkoiie earbonate» 

readily soluble in an excess of the precipitants, difficultly soluble in 

dilute solutions (Bistinction fboh A1). From a solution in OOAmoj 

thoric carbonate is repreoipitated, even at 50° C. 
OOBao" precipitates thorium salts completely in the cold. 
Oxalic acid produces a white precipitate (Distinction pbox A1 and Gtl) , 

not soluble in excess nor in dilute mineral acids ; soluble in ammonic 

acetate, containing free acetic acid (Distinction pboh T and Ce). 

HF precipitates gelatinous ttaoric tetrafluoride, TI1F4, which becomes 
pulverulent after some time ; the precipitate is insoluble in water, and in HF 
(Distinction fsom A1, G1, Zr, and TiOj). 

SSONaoj precipitates ttaoric tayposulptaitc, (SSO)3Tho^^ mixed with sul- 
phur, from neutral or acid solutions. The precipitation is not complete (Dis- 
tinction FBOH Y, Er, AND Di). 

A boiling concentrated solution of SO2K03 precipitates slowly, but completely, 
the whole of the thorium sulphate as white crystalline insoluble patas8io« 
ttaoric snlptaatc (S03)4Ko4Tho*^ + 2OH2 (Distinction fbox AI and Qt\), 
soluble with difficulty in cold, and also in hot water, readily on the addition of 
some HCl. 

4. YTTKHjai, Y". Atomic weight, 61*7 ; and 5, EKBIUM, 1^'. Atomic 
weight, 112'6. — These very rare elements are only found in a few minerals, in 
ytterhyte, or yadoUnite, orthitCf yttrotantcdite, etc. The metals have nerer been 
obtained pure. Yttrium and erbium always occur together in nature, and closely 
resemble the metals of the cerite group. They differ from most other earths in 
being completely soluble in acids, even after ignition, and from the cerite oxides, 
by not forming an insoluble double sulphate with potassic sulphate. In other 
respects the two exhibit almost the same behaviour with reagents, and can only 
be approximately separated from each other. The colour of the yttrium salts is 
white. Erbium salts hare a more or less bright rose tint, crystallise readily, and 
possess a sweet astringent taste. Anhydrous TCl^, is not volatile (Distinction 
fbom AI, Gtl, AND Zr.) 

EEACTIONS IN THB DET WAT. 

No peculiar reaction with borax, no colour to the flame, and a ffreylsta-bliie 
coloured mass with N'204Coo''. 

BEACTIONS IN THB WBT WAT. 

Use solutions of the Nitbates, N2O4Y0" and N'304Ero", and test them 
side by side. 
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SAms, or AmHo (ffronp-reairents) precipitates the hydrates, insolubld 
in excess. Large excess of SAnia somewhat prevents the precipitation of 
yttric hydrate. 

KHo, or NaHo, precipitates white hydrates, THoj, or ErHoj, insoluble in 
excess (DiSTiyoTioN fboh A1 and Gtl), The precipitation of yttrium 

by alkaline hydrates is not prevented by the presence of TH03 (dib- 
TiNOTiON vbjom. A1, G1, Th, AND Zr), yttrium being slowly but completely 

precipitated as tartrate, TTo'', 
OOK03, and OONaos precipitate white carbonates, difficultly soluble in 
excess, more readily soluble in OOHoKo, and in OOAmoj (but not so 
readily as COGlo'')* On boiling the whole of the yttriais deposited 
(distinotion of Y fbom A1, G1, Th, Ce, and Di). AmCl decomposes 
COYo", with evolution of NH, and CO2, and formation of YClj. Satu- 
rated solutions of COYo'^ in OOAmos, have a tendency to deposit the 

double carbonate, coAmo^*^"' 

OOBao" produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but imperfectly precipitated on heating. 
(Distinction op Er and Y fbom A1, GFl, Th, Ce, La, Di). 

Oxalic Acid produces a precipitate of white yttric oxalate, 

1 oO^*^"»^^2' (I^MTiNCTioN OP Y PBOH Al AND Gl), insolublc in 

excess, difficultly soluble in dilute HCl, and partially dissolved by boiling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate, 

•J QQEro",OH3, in the form of a light rose'colauredy heavy sandy powder. 

HE precipitates white amorphous hydrated yttric fluoride, insoluble 
in water and HF; soluble, before ignition, in mineral acids; decom- 
posed only by strong SO3H02. (Distinction op Y pbom Al, 0-1, Zr, 
AND Ti.) 

A cold saturated solution of SO3Y0" becomes turbid between 30*— 40° C, and 
on boiling, is precipitated almost entirely. 

SOnEro'' forms with SOaEoj, potasslo-erblc sulphate, Ss04Ko2Ero '^ 
difficultly soluble in cold water, when hydrated, but readily soluble in the 
anhydrous condition, and on warming. 

Potasslc yttric sulphate, S3O4K02Y0", dissolves readily in water, and in 
a solution of SO3E03 (distinction op Y and Er pboh GRi, Zr, and the Mbtals 

OP THE CeBITE GrOXTP). 

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts 
an intense greenish colour to the flame, which, when seen through the spectro- 
scope shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide with 
certain black, so-called absorption-bands, which erbium gives when white light 
is passed through a concejitrated solution of its salts. Gmese absorption-bands 
are characteristic for erbium, as yttrium solutions show none under like circum- 
stances. 

Sefabation op Y pbom Er. — ^The different solubility of the nitrates of 
erbium and yttrium in water has been made available for the separation of these 
two closely allied metals. On heating a mixture of their nitrates to incipient 
decomposition, and dissolving the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbio nitrate, N208(Er03)"Ero", whilst the 
mother-liquor contains chiefly vttric nitrate. By repeating this same process of 
separation several times over, the earths may be obtained pure by finally igniting 
the nitrates. 

6. CERIUM, Ce'' and t'^. Atomic weight, 92. 7. LANTBANUX, La''. 
Atomic weight, 92*8. 8. DIDTMIUxlI, Di . Atomic weight, 96. These three 



218 APPENDIX I. 

rare metali constitute, like jttrium and erbium, a group which may oonyeniflntly 
be studied together. The most abundant of the few cerium minerals is cerite, a 
hydrated silioatb of the three metals, Ce, La, and Di, as well as of iron and 
oaloium, SiCCeo''Lao'a)io''Feo''Cao'']> Th« finely-powdered mineral is readily 
and completely decomposed by boiling with concentrated Hd, or aqua regia ; or 
by fusion with fusion-mixture $ or lastly, by boiling with concentrated SOsHoj. 

CERIUSI. — This metal exists both in the dyad, pseudo-triad, and tetrad con- 
dition. Thus it forms the several oxides : — 

Oe"0 'Oe'^aO, Ce^'Oa and 06304 - OeO,0«s08. 

Cerous oxido. Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide.) dioxide. triceric tetroxide. 

Cerous and ceric oxide are both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. They 
are colourless, or slightly amethyst-red and acid to litmus. Cerous chloride is 
not Tolatile (Distinction fbom A1, Gl, and Zr), Cerous sulphate is not entirely 
soluble in boiling water. 

BBAOTIONB IN THB DBY WAY. 

All cerium compounds give with borax, or microcosmic salt, in the outer 
flame, a clear bead which is dark red while hot (Distinction pboh thb fbb- 
CBDiNa BABTHS), fainter or nearly colourless on cooling. In the inner flame, a 
colourless bead, or if oeiic oxide is present, a yellow opctque bead is obtained. 
Lanthanum compounds give' colourless beads, and didymium compounds give 
with borax colourless, or, if in large quantity, pale rose-coloured beads, in both 
flames, and with mitarocosmic salt, in the reducing flame, an amethyst-red bead, 
inclining to violet. 

BBAOTIONB IN THB WBT WAT. 

A. CEROUS COMPOUNDS. — ^We employ A SOLUTION of Cbbous Chlo- 

BIDB, Oe^Cls. 

SAm3 {vrovp-reasent) throws down the white eerons liyilnite» OeHos, 

insoluble in excess. 

AmHo preciptates a iMSic salt, insoluble in excess ; the preseooe cf TH03 
prevents the precipitation by AmHo (Distinction fboh Y), but not by 
KHo. 

£Ho, or NaHo, preciintates white cerous bydratc, insoluble in excess, which 
turns yellow on exposure to the air, or when act«d upon by oxidising 
agents, such as chlorine water, sodic hypochlorite, etc., being converted 
into the yeUow hydrated eeroso»cerie oxiae, Oe^4^0H3 (Distinction 

FBOM AI ANP Gl). 
COKos, OONaos, or OOAmoa, produces a whUe predpitate of eerons ear* 

bonate, OOCeo", sparingly soluble in excess of the fixed carbonates, 

somewhat more soluble in COAmo2 ; insoluble in water and OO3 ; deoom- 

posed by dilute acids. 
OOBao" precipitates cerium salts slowly, but completely on standing. 

Oxalic Acid, or Ammoiilc oxalate, precipitates cerium compounds com- 
pletely, even from moderatdy acid solutions, as a curdy white precipitate (turn- 
ing slowly crystalline) of cerous oxalate, -j qqCco", insoluble in excess of ' 

the precipitants (distinction fboh Zr), but soluble in a large excess of HCl. 
On ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, 06304 (Dis- 
tinction FBOM Al AND GH, which form soluble oxalates) . 

A saturated solution of potassic sulphate produces a white crystalline preci- 
pitate of potassJo-eeroas-salptaate, 83O4Ko30eo'^ even ^m somewhat add 
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solutions (DlSTiNOTiON 7E0H Al AJSTD Gtl) i difficoltl}' soluble in cold water, 
reiadilj soluble on heating ; quite insoluble in a saturated solution of SOsKoj 
(DisTnroTioK pboh T akb Er) ; soluble in much dilute HCl. With dilute solu- 
tions the precipitate takes some time to form. 

This characteristic precipitate, as well as the easily distinguishable oxalate, 
and the yellow precipitate of ceroso-ceric oxide — ^&ee from La and Di, preoipitable 
in the filtrate as oxalates — ^which oxidizing agents produce, serre to distinguish 
cerium from all other metals. 

Sepabation of Ce fboh La akd Di. — ^A oonvenient method of oxidizing 
and separating cerous salts consists, according to GibbSf in treating with PbO] 
and dilute NO3H0 (analogous to the oxidation of manganous to a higher oxide), 
when the solution turns yellow, eren if only small quantities of ceriimi be present. 
By evaporating the yellowish solution to dryness and heating sufficiently to drive 
off part of the NO2H0, so as to form a basic eerie nitrate, insoluble in water or 
dilute NO2H0, lanthanum and didymium can be dissolved out as nitrates. After 
removing the plumbic nitrate from the solution by SH^, the La and Di are pre- 
cipitated as oxalates. The residuary basic eerie nitrate is dissolved in fuming 
NO2H0, any lead removed by SH3, and the cerium precipitated as oxalate. 

B. CERIC COMPOUNDS, — Salts of 'Oe''\Oz, such as the sulphate; oxa- 
late, etc., are yellow, and are either difficultly soluble, or insoluble, in water. 
Dyad cerium appears, in fact, to give rise to more stable compounds : thus CejOa, 
when heated with HCl does not form OejOle, but yields 20eCl3 + CI3. 

Oxidizing agents, such as 01, passed into a solution of KHo, containing CeHos 
in suspension, sodio hypochlorite, PbOj and NO3H0, HgrO and potassic perman- 
ganate, convert cerous into eerie compounds, and furnish methods for the separa- 
tion of Ce from La and Di. Beducing agents produce the reverse chemical 
action. Cerium resembles in this respect iron rather than aluminium. 

liANTHANUSI. — This metal forms only proto-salts, which are colourless, 
when free from didymium salts, and possess a sweet astringent taete. Lanf^nic 
oxide is white, and is notaltered, even by strong ignition (distikotiok tbom Ce), 
being still readily soluble in acids. Both the oxide and the hydrate turn red 
litmus paper blue. It decomposes ammonium salts, in solution, on boiling, with 
evolution of NHg. Lanthanum resembles in this respect magnesium. A solution, 
saturated in the cold, of lanthanic sulphate d^osits a portion of the salt already 
at 30** C. (distinction fboh Ce''). In its reactions lanthanum closely resembles 
cerium. 

EEAOTIONS IN THB WET WAY. 

Use a SOLUTION of Lanthanio Chlobide, La^'Ols. 

SAm3, or AmHo, precipitates basic salts which pass milky through the filter* 

on washing. 
KHo, or NaHo, precipitates lantbanie bydrate, LaHoj, insoluble in excess, 

unalterable in the air, or in the presence of oxidizing agents (distinction 

FBOH Ce). 
OOAmog gives a precipitate which is insoluble in an excess of the precipitant 

(distinction FBOH Ce). 

OOK02, or 00Nao3, OOBao'', oxalic add, or potaasle sulptiate, give the 
same precipitates as with cerium salts. 

When the ^limy precipitate which a cold dilute solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few smaU crystals of iodine added to it, a bUie coloration is produced 
which gradually pervades the entire mixture (characieriatiofor La compounds 
onljf). 
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DIDTMIVM. — This metal forms likewise only proto-salts, coloured a pure 
pnk, like the sulphate, or rose-red ; sometimes a faint violet, like the nitrate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Dl^^Os is doubtful.) In contact with water it is slowly 
converted into the hydrate, without acquiring an alkaline reaction. It rapidly 
attracts CO3, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiCl], is not vola- 
tile. The nitrate, on heating, is converted into a basic salt, N30(Di02)''3Dio'' 
+ 5Aq. (Distinction pbom La), which is grey when hot and also when cold 
(Distinction tbom Er). A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 53° G. imtil at 100° C, one part of the salt only 
is held in solution by 60 parts of water (Method of sefasation op La fsom 
Di). Didymium salts resemble in their chemical deportment lanthanum and 
cerium salts. 

beactions in the wet way. 

We may employ A solution op the Chlobide, Dl"Cl2, or Sulphate, 
SOjDio". 

SAmj, or AmHo (sronp-reasents), precipitates basic salt, insoluble in 
AinHo, but slightly soluble in AmCl, with displacement of ITHg. 

KHo, or NaHo, precipitates ^e^^tnotf« dldymlc bydrate, DIH03, resembling 
AlsHoe, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

OOKo}, CONaoj, or COAmos, produces a copious precipitate of didymic car- 
bonate, OODio", insoluble in excess of the predpitants (Distinction 
PBOM Oe) , but slightly soluble in a concentrated solution of AmCl. 

OOBao'' precipitates didymium compounds slowly (more slowly than Ce or 
La), and never completely. 

Oxalic acid precipitates didymium salts, M ^QDio'' + 4AqY almost com- 
pletely, ammoiiic oxalate completely. The precipitate is difficultly soluble 
in cold HCl, but dissolves on heating. 

A concentrated solution of SO3K08, or better still, SOjNaos, precipitates didy- 
mium solutions more slowly and less completely than Oerous solutions, as a rose' 
white potassio-didymic sulphate, S204Ko2Dio" + Aq, slightly soluble in 
water, less soluble in an excess of the reagent, difficultly soluble in hot HOI. 

When a ray of white light is sent through a didymium solution, and examined 
by the spectroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well defined narrower bands in. various 
other parts of the spectrum. 

Memarh. — In order to master still more completely the reactions for the 
8 earthy metals already treated of, the student should tabulate them according 
to the scheme given on page 62, when the slight differences which, exist between 
many of their reactions, and which often furnish the only means for their separa* 
tion, are brought out still more prominently. 

9. TITA^ lUM, Ti" and ^^, Atomic weight 50. — This, as well as the two next 
following metals (usually treated of in Group III, because they are precipitated 
by the group reagents, AmCl, AmHo, and SAm<{), differ entirely from the pre- 
viously treated metals. Their anhydrides, Ti*^Oj, Ta^jOj, and Nb^jOs, are 
essentially acids, analogous to SiO^, SnOj, SbjOf, etc., and are found in nature 
either in the imcombined state (TiOj), or combined with various metallic bases, 
as TiTANATBS, Tantalates, and Niobates. 

Titanium is foimd as Anhydbide (almost pure) in the minerals Eutile, 
Anatate, and JBrookite ; combined with bases, chiefly lime, in Titanite, TiOCao^', 
in titaniferous iron, n(Fe30|), m(TiOBo'^, and is found in small quantities m 



Ti"0 


'Tl^'aOg 


Titanous oxide 


TitATiic oxide 


(probable). 


(sesquioxide) . 
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many iron ores, in fire-clayS| and generally in SUicates. (Hence its oocorrence in 
blast-furnace slags, as Nitridey TlCyjySTisNs, in bright copper-coloured cubes.) 

Titanium forms several oxides, of which two are known with certainty, and 
one whose existence is probable, viz. : — 

Tii^Oa. 
IHtanic anhydride. 



The last oxide, acting as a weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which is of sufficient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile is 
fused with 3 parts of COEoj, the fused mass powdered and treated with cold 
water, which removes SiOa and alkaline silicates, and leaves insoluble potassle 
titanate, TiOEos, together with ferric oxide. This is washed by decantation 
or on a filter, with cola water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling, for tome time, the whole of the 
titanium is precipitated as meta-titaoic hydrate Ti^^OHoj (Fe being held 
in solution by the add), which differs from (ortho) titanic acid in being quite 
insoluble in all acids, except strong sulphuric acid, whilst titanic hydrate (ob- 
tained by precipitation with alkaUes), of exactly the same composition, is readily 
soluble even in dilute SOjHoj, or HCl. The precipitated meta-titanic acid is 
usually tinged yellow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off, to wash with a solution of AmCl, and redissolve 
the precipitate in strong SO2H02. After dilution with water, it is reprecipi- 
tated once more by long -continued hoilingy and is then all but free from iron. 
(AIbthod of sepabation pboh A1, Q-1, Y, and Th.) A more expeditious method 
for separating the iron oxide consists in precipitating the two metals from the 
dilute acid solution by means of ammonic sulpnide, as FeS and TIOH02, and to 
treat the precipitate with aqueous sulphurous acid, which dissolves the FeS, and 
leaves pure ortho- titanic acid. 

Another method consists in fusing the titanium compound with 6 times its 
weight of SO2H0K0, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SO2H02, from which meta-titanic acid is pre- 
cipitated as above. Si02, if present, is not attacked by SO3H0K0, and remains 
in the insoluble residue. 

Pure TiO] may also be obtained by fusion with acid potassio fluoride, and 
dissolving the fused mass in dilute HOI. Potassle titanic flaoriile, 2KF,TiF4, 
which is difficultly soluble in water (1 part requires 96 parts at 14° 0.) , is col- 
lected on a filter and washed with cold water, and purified by recrystallisation 
from boiling water. Its aqueous solution, when precipitated with Am Ho, yields 
titanic hydrate, which on ignition is converted with incandescence into- pure 
titanic anhydride— wA£^6, when only feebly ignited, yellowish or brotonish, 
when intensely ignited. 

SiOa, or silicates, containing traces of Ti02, may be decomposed with HF. 
SO2H02 must likewise be added in order to prevent a portion of the 
titanium from being volatilized with the SIF4. 

BBACTIONS IN THB DRY WAY. 

Titanium compounds, when heated on charcoal, before the blowpipe, are not 
reduced to the metallic state (distinction from In). Heated in a borax bead 
(on charcoal), or better still, in a bead of microcosmic salt, pure Ti02, or a 
tilanate, containing bases which do not themselves colour the borax bead, yields 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes a Tlolet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some SOsFeo" be added, 
the bead obtained in the inner flame becomei hlood-red. 
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BBACnONS IN THB WBT WAT. 
USI A BOLUTIOH 07 TiTANIC ACID, in HCL 

SAms, AmHo, KHo, or NaHo, alkaline carbonates, ns well as OOBao'', pro- 
duce a bulk^ white precipitate of (orttao-) titanic hydrate, Ti^^OHo,, 
whicli is insoluble in an excess of the precipitants. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
HCl, or in dilute SO2H02. Washing with hot water_ converts it into 
insoluble meta-titanlc hydrate. The presence of TH02 preyents the 
precipitation. (Iron, as well as Ni, Co, Zn, and U, which are precipi- 
tated by SAms in the presence of TH02 and AmHo (the metal Mn is not)t 
may thus be separated from TiO^.^ 

"Ki^eCjf produces a dark-brovm precipitate. 

Infnsion of sails, brownish precipitate, which speedily turns orctnge- 
red, 

POHoNaO} throws down the titanic acid almost completely from an add 
solution as a white gelatinous phosphate, which when washed and dried 
leaves a basic salt, 2Ti02,P,05, or TfiiTiO^^^TSHo^r, 

Metallic tin, or zinc, immersed in a HCl solution of TlOj, erolyes l^drogen 
and reduces the Ti*^02 to 'Ti'''203, which gires rise to a pale violet or olme 
coloration and finally throws down a dark violet precipitate, which is rapidly 
reoxidised to white Ti02, with decomposition of the water, or when exposed to 
the air. This reaction frequently reveals the presence of TiOj, in the analysis 
of iron ores, during the process of reduction with zinc, previous to the estimation 
of iron by potassic permanganate. 

10. TANTAIiUMyTa^ Atomic weight, 182. U. NIOBIUM, Nb''. Atomic 
weight, 94. — This group of metals occurs only in a few minerals, found, aa yet, in 
a few localities, and, then only, in small quantities. The difficulty of detecting 
mere traces of them may account for their having been overlooked in others in 
which they have since been found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, such as in 
tantalite and in niobite (columbite). They are ICSTA- compounds and may 
be expressed by the general formula: — m(Ta02)2Feo" + n(Nb02)2Feo". In 
gttrotantalite-^the ORTHO-compound — of the formula: — TakfiifNhiOf)^^"^ B" 
stands for Y"[Er ", Ce", U", Fe", Ca"] and in euxonite, woMerite, and pgro- 
chlor, the metal niobium occurs as a FYBO-niobate, combined with fluorides, vix., 

(aNbaOaRo^a), 5(NaK)F. 

Tantalum and niobium exist chiefly in the pentad condition, as is evidenced 
by the composition of their oxides (anhydrides), chlorides, fluorides, etc., etc., 
viz. : — 

Tantalic anhydride, Ta^aOs- Chloride, Ta^Clj. Fluoride, Ta^Fs. 
Niobio „ Hb^jOs. „ Nb'Clg. „ Nb^Fj. 

A lower oxide, 'Ta*^204, and sulphide, 'Ta*^234, are said to exist. In tantalates, 
and niobates, the acids closely resemble arsenic, or phosphoric acid ; they can 
exist as meta- Ta^ (Nb^) O2H0, pyro- Ta^2(NT)'^2) O8H04, or ortho- Ta^(in)^) OHoj 
tantalic (niobic) acid. 

TANTAIilC and NIOBIC ANHTDRIDES are prepared from tanta- 
lites, or niobites, by fusing the finely powdered mineral with 3 parts of SO2H0K0. 
The fused mass is extracted with water, whereby the bases are principally 
removed as sulphates. The residuary Ta206, and m>206, are washed and nised 
once more with hydric pota ssic sulphate, etc. The residue after having been 
well washed is dissolved in HP, and a boiling solution of HF,KF gradually 
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added to it. The liquid, on cooling, or on concentration, yields difficultly soluble 
pota88ic flno-tantalate, 2KF,TaF6 (soluble in about 150 — ^200 parts of water 
only), whilst the mother-liquors contain potassic fluo-oxynlobate, 2KF, 
m>0F3, OHj which is soluble in 12*4 to 13 parts of water {Distinction also from 
titanium, which forms KF, TiF4, soluble in96p€trts of water). Gniese two salts 
may be purified by recirstaUisation ; and on decomposing them, by heating with 
SOsHoj, tantalic and mobic sulphates, and potassic sulphate, are left ; this latter 
can be boiled out with water. When SO2H03 is expelled from the insoluble 
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of 
ammonic carbonate, TajOs, o^ "NhsO^, is left. 

TANTALUSI.— The anhydride is a white powder. When strongly ignited 
it turns a pale yellow, without emitting any light, and becomes insoluble in HOI, 
or strong SO2H03. (Distikotion fboh Ti02.) 

Fused with £Ho, it is rendered soluble in water; fused with NaHo, it 
forms chiefly sodle meta-tantalate, TaOsNao, insoluble in excess of NaHo, 
but soluble in water. When a solution of soda is added to this solution, sodio 
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con- 
centrated solution of which KF precipitates the fine, needle shaped, iiatasalc 
flua«taiitalate. By prolonged boiling with water, this soluble salt changes to 
an insoluble compound, Ta^0if2K¥,Ta,¥gi the formation of which affords the 
means of detecting the smallest quantity of fluo-tantalate in mother-liquors, eon- 
taining potassic fluo-oxyniobate. 

EEAcnoNft nr the dry way. 

Microcosmic salt dissolves Ta-Os ^ ^ colourless bead in both flames, and 
does not acquire a blood-red tint by the addition of ferrous sul^diate (DiSTnrc- 

TION TfiOM TlOjj). 

EEACTIONS IN THE WET WAT. 

Use a solftion op TaOjKo in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by acids. 

HCl precipitates Ta2O0, at first, then redissolves it in excess. 

OO3 passed through a solution of an alkaline tantalate, precipitates acid, or 

antaydro-tantal&te. 
AmHo, or SAm^, precipitates from a HCl solution tantalic hydrate, or aa 

acid ammonic tantalate ; TH03 prevents the precipitation. 
AmGl, or S02Amo3, precipitates tantalic hydrate, Ta02Ho. 
K4FeCys gives from acidified 9oluiion9, & jt^Uotaish-white -preoipitB/be which - 

turns brown by the addition of a few drops of AmHo, and is soluble in 

larger quantities. 
E6Fe3Cyi2, a yellow precipitate. 

Infusion of sallSt added to an acidified (SO3H03 or HCl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HCl do not reduce TasO^, and no blue coloration (or 
only a v^ry faint one) is observed (distinotion from 2n>20i). 

HIOBIUiV. — Niobic anhydride, ISCb^O^, is white, but turns transiently 
yellow when ignited. £y strong ignition in hydrogen, it is converted into 
m>*^204. Like tantalic anhydride, it combines both with bases and adds. Con- 
centrated sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(distutotion vbom TaaOfi). 

On fusing with caustic potash, a clear mass consisting chiefly of potassie 
metaniobate, KbOsKo, is obtained, which i» readily soluble in. irater, but is pre- 
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cipitaied as sodic salt, on the addition of NaHo. Sodic meta-niobate, obtained 
by fusion with caustic soda, behayes like the corresponding meta-tantalate. 

SBACTIONB IN THB DRY WAY. 

Microcosmic salt dissolves NbsOi readily ; in the outer flame, a bead, colour- 
less whilst hot, is obtained ; in the inner flame the bead acquires a Ttolet, 
blue, or brown colour, according to the quantity of the acid present, and a red 
colour, when a little ferrous sulphate is dissolved in it. 

BBACTIONS IN THB WBT WAY. 
USB AN AQFBOUS SOLUTION OP POTASSIO NiOBATE. 

The niobates of the alkalies are soluble in water, all others are insoluble, and 
are decomposed by adds. 

Mineral acids, especially snlptanrlc add, even at the ordinary tempera* 
ture, precipitate nloblc hydrate, nearly insoluble in the acid. (The 
precipUation of tantaUc hydrate reqmret the aid of heat.) 

Oxalic acid does not affect i^aline niobates. 

SAm2, or AmHo, precipitates from acidified solutions of NbjOs the hydrate, 
containing ammonia, soluble in hydrofluoric acid. 

AmCl precipitates the acid, but only slowly and incompletely, more especially 
if in the presence of alkaline carbonates. 

K4EeCy6 gives, with a solution of an alkaline niobate which has been acidu- 
lated with sulphuric or hydrochloric acid, a red precipitate. 

KeFejCyis, a bright yellow precipitate. 

InAislon of Galls, an orange-red precipitate. 

A piece of zinc immersed in an acidulated solution, forms a he<»utifid hhte 
precipitate, which after a time changes to brown. {Tantalates yield none or onUf 
9, faint blue colour), 

(B.) Ra/re Mttals, precipitated by the Oroup^reagentSy AmOl, AmHo 

and SAnhy in the form of Sulphides, 

1. URAHIUM, U" and pseudo-triad. Atomic weight, 120 [240 (?)].— 
Uranium is not a very abundant metal ; it is found principally in pitch-blende, 
which contains from 40 to 90 per cent, of uranoso-uranic oxidb, TT9O4; in 
uraniurn'OchrCf or sulfhatb ; and in uramte or uranium mica, which is a caleic 
(cupric) uranic phosfhatb. In small quantities it exists in several rare minerals, 
such as euxenite,. yttrotantalite, &c. 

Uranium salts are almost always obtained from pitch-blende. The TSfi^ 
therein, is associated with sulphur, arsenic, lead, iron, and several other metals. 
The mineral is finely powdered, freed by elutriation ht>m the lighter earthy im- 
purities, roasted for a short time to remove part of the sulphur and arsenic, then 
dissolved in nitric acid, and the solution evaporated to dryness. The residue is 
exhausted with water, and the solution filtered from a brick -red residue of ferric 
oxide, ferric arsenate and plumbic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the nitrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised once more from 
boiling water, they consist of pure uranyllc nitrate, 1^204 (UjOs) o'',60Hs ; 
in which ('U ^^O^)" or nranyl acts as a compound dyad radical, analogous to the 
monad compound radicals antimonyl, (Sb'"0)', bismuthyl (Bi"'0)', &c. 

Uranium exists as a dvad and pseudo-triad metal. It forms with oxygen 
two salifiable oxides, together with two intermediate oxides, thus — 

Uranous Uranic oxide or 
oxide. uranylic oxide. Intermediate oxides 



^^^^^mmm^^m^m^a^t^^a^^^^m^t^mm^^^g^^m^a^a^^mm^^ 



U"0 'U'^aOg, or U8O4, or TT4O5, or 

(TTjOa)"© 'TT"'20a,TT"0 (dark green.) Wj08,2TT^'0 (black.) 
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Uranous chloride. Uranylic chloride. Pentachloride. 

UCI2 (U302)"Cl2 UaOlfi 

Uranous sulphate. Uranylic sulphate. 

SO2O2U, or SO2U0' S0202(U202) ", or S02(U202)o' 

Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positiye metals to form acid uranates, of 

r (UaOa)"^© 
the general formula, •< O + xOHj, analogous to dichromates^disulphates, 

l(U202)"Eo 
etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diuranate {uranium yellow) is much used as a pigment in glass and porcelain 
manufactures. 

BIAOTIONS IN THE DAY WAT. 

Borax and microcosmic salt give with uranium compounds, in the inner 
flame of the blowpipe ffreen be^s, in the outer flame yellow beads, which 
acquire a yellowl8li«iri*een tint on cooling. The oxides of uranium are not 
reduced by fusion with OONaoa on charcoal. 

BBAOTIONB IN THE WET WAT. 

A. URANOUS COMPOUHDS. — Use a Solution oe Ubanofs Sul- 
phate, SO2U0''. (Prepared by dissolving uranoso-uranic oxide in hot oil of 
vitriol, diluting with water and evaporating in vacuo.) 

Uranous salts constitute powerful reducing agents. They are green, or 
greenish-white, and yield green aqueous solutions. 

SAm2 forms a black precipitate of nranons sulpiiiile, U^S. 

AmHo, £Ho, or NaHo, throws down red-brown gelatinous uranous hydrate, 

U"Ho2. 
OOK02, OONao2, or OOAmo2, precipitates ffreen uranous hydrate, soluble 

in excess, especially in excess of COAmo2. 

Uranous salts become oxidized to uranic salts by exposure to air, or by treat- 
ment with nitric acid, etc. Gold and silver salts are speedily reduced by them, 
and ferric salts are reduced to ferrous salts. 

B. URAHIG GOMPOUHDS. — Use A SOLUTION OV UsANIO NiTBATE, 
NaOiCUsOj^o". 

Uranic salts are yellow, they are mostlv soluble in water, and are reduced to 
uranous salts by SH2 and by alcohol, or ether, in sunlight. 

SAm2 produces in the cold a chocolate-broum precipitate of uranylic sul- 
phide, containing also ammonic sulphide and water. It is insoluble in 
yellow ammonic sulphide. On warming or boiling the liquid which con- 
t£ns the uranylic sulphide, (U202)S, suspended in it, the precipitate 
splits up into sulphur and black uranous oxide, U^'O, which is insoluble 
in excess of SAm2. Uranylic sulphide dissolves readily in neutral ammo- 
nic carbonate. [Method ov sefabation of U fbom Zn, Mn, and Fe.] 

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of acid 
uranate of the alkali metal ; insoluble in excess of the precipitant ; not 
precipitated in the presence of tartaric acid. 

The ammonia precipitate is soluble in a solution of ammonic carbonate, and 
SAm2 does not precipitate the uranium from this solution. 

OOK02, OONaoj, or OOAmo2, gives a light yellow precipitate, consisting (in 
the case of potassic carbonate), of potassio-uranic carbonate ; readily 
soluble in an excess of the precipitant. By treating the liquid with 
dilute sulphuric acid, as long as effervescence takes place, an acid uranate 
if precipitated. [Method of befabation of U fboh A1 and Fe*^.] 

OOBao^' completely precipitates a solution />f a uranic salt, even in the cold. 
^Separation of *U"'from Ni", Co", Mn'\ JV', and Zn.'] 

Q 
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K^YeCj^ produces a reddUh'hrown precipitate. (Most delicate special 

reaction.) 
KgFe2Cyi2 produces no change. 
Metallic zinc does not precipitate metallic uranium from its solutions. 

2. THAIiLIUM, Tr and '''. Atomic weight, 204.— This metal was dis- 
coyered by Crookes in 1861. It occurs in many kinds of copper and iroo. 
pyrites, but invariably in very minute quantities ; also in many lands of crude 
sulphur, in some of the deposits from the flues leading from the pyrites furnaces 
to the lead chambers of sulphuric acid works, and in the deposits in the 
chambers themselves. It has, moreover, been found in lepidolite, in ptepava- 
tions of cadmium and bismuth, in ores of xinc, mercuiy, and antimony, in fkhe 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted finom thalliferous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been ajriven 
off^, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the SHs group are pre- 
cipitated. On now introducing plates of zinc into the dilute acid flitrate, 
spongy metallic thallium is precipitated, which can be readilv removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved und6r 
water. 

The salts may be prepared by dissolving the metal in the respective aicids, or 
by the double decomposition of soluble thallium salts. 

Thallium forms two series of compounds : — thallious and thallic. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have : — 

Thallious oxide .... OTlo Thallic oxide Tlg'^'Oa 

ThaUious chloride . . TlCl ThaUic chloride . . Tl'^Cli etc^ 

together with several intermediate compounds. 

In some of its chemical relations thaUium dififers from all aith&r metals. In 
many respects it resembles the alkali metals, as, for instance, in forming the 
readily soluble and highly alkaline thallious oxide and carbonate, an ins^uble 
double nlatinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In most 
other respects, however, it is more nearly allied to the heavy metals, especially 
to lead, which it resembles closely in appearance, density, melting-point, specific 
heat, and electric conductivity. 

EEACTIONS IN THE DEY WAT. 

Thallium compounds impart an intense sr^^n colour to the blowpipe flame. 
The spectrum of thaUium shows only one emerald-sreeM line, Tla, and hence 
its name from OaW6g, green. 

BEAOTIONS IN THB WBT WAY. 

A. THALLIOUS COMP9UHDS. — ^We employ A BOLtmON 07 TKALIIOTTB 

BTTLPHATE, SO2TIO2. 

Thallious salts are for the most part colourless and soluble in watisf, such as 
the nitrate, sulphate, phosphate, tartrate, and acetate. Some ate difficultly eolu- 
ble, e.ff.f the carbonate and chloride, and a few are almost insoluble, e.^., the 
iodide. They react neutral to test-paper, and possess a slight metaltic ta8t«. 
Thallious oxide, OTlo, is colourless and fusible ; it dissolves in water, the solution 
is colourless, alkaline, caustic, and absorbs carbonic anhydride from the air. It 
also dissolves in alcohol. 

Thallious salts are difficultly converted into thallic salts ; powerful Oxidising 
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agents, such as nitric acid, are without effect on them. They require boiling and 
evaporating with aqua regia to convert them into the higher salts. 

SH2 does not pre(*ipitate strongly acidified thallious solutions unless AS2O3 be 
present, when a part of the thallium is carried down with the arsenious 
sulphide, as a brownish-red precipitate. Neutral or very slightly acidified 
solutions are incompletely precipitated by SHj. From acetic acid solu- 
tions the whole of the thallium is thrown down as hlacJc thalltous sul- 
pbide, STI3. 

SAms (sroup-reagrent) precipitates the whole of the thallium as thalliouH 
sulplilile, insoluble in anmionia, alkaline sulphides, or potassic cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but diffi- 
cultlv soluble in acetic acid. When exposed to air, thalUous sulphide is 
rapidly converted into thallious sulphate. On heating it fuses and volati- 
lises. 

KHo, NaHo, or AmHo, does not precipitate aqueous solutions of thallious 
salts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
OOTI02 being soluble in 20 parts of water. 

HCl, or a soluble chloride (bromide), throws down white thallioiis cbloridc, 
TlCl ; the precipitate subsides readily, and is unalterable in the air. 
It is very slightly soluble in boiling water, and still less so in hydrochloric 
acid. 

KI precipitates, even from the most dilute thallious solutions, lufht yellow 
thalUous iodide, Til, -which is almost entirely insoluble in water, but 
somewhat more soluble in a solution of potassic iodide. This constitutes 
the most delicate reaction for thallious salts. 

Or02Ko2 precipitates yellow tbaUious chromatet CrOjTlos, insoluble in 
cold nitrio or sulphuric acid. 

PtCli precipitates difficultly soluble, j7a^ orange coloured tluUUoufii platinlc 
chloride, 2TlCl,Pta4. 

Zinc precipitates metallic thallium. 

B. THALLIG COMPOUHDS. — We employ A solution of THALlio 
Chloeide, Tl^'Cla. 

Thallic salts are easily distinguished from thallious salts by their behaviour 
with caustic and carbonated alkalies, which precipitate hrown gelatinous thallic 
hydrate, Tl'"OHo, insoluble in excess. 

ThaUic oxide is scarcely acted on by concentrated sulphuric acid in the cold ; 
on heating, thallic sulphate, {^0-2)z^o'"^10^^ is obtained. When a solution of 
thallic sulphate is boiled, oxygen is given off and a thalhous salt left. Wh^i 
treated with HCl, thallic oxide yields the chloride Tl^'Clj, as a white crystalline 
mass, which on heating splits up into TlCl and CI2. 

HCl, or a soluble chloride (bromide), produces no precipitate. 
SH2 reduces thallic to thallious salts, with pirecipitation of sulphur. 

1 00 H*^ produces a white pulverulent precipitate. 

POHoNao2 gives a white gelatinous precipitate. 

ASOH03, or a soluble arsenate, gives tkveUow gelatinous precipitate. 

Cr02Ko2 does not precipitate thallic salts. 

£1 gives a precipitate of Til and Ij. 

3. IHDIUM, In*^ and pseudo-triad. Atomic weight, 113'4. — Has hitlierto 
only been found as a rare and insignificant constituent of some zinc ores (zmm;- 
blende from Freiberg), in the metallic sine prepared irom these ores, and in tung- 
sten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 742. It fuses easily at 176° C. It is not oxidized in 
the air or in water. Dilute HCl or SO2H02 dissolve it readiljr, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SO2. This 

Q 2 
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is readily soluble also in cold dilute nitric acid. The oxide, 'In'"203, is brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
charcoal, or in a current of hydrogen gas. A black dioxide, In*^02, exists like- 
wise. 

The principal salts of indium, viz., the sulphate, (80.^)3 In^o^S 9OH3. the 
nitrate, NsOelno'", and the chloride, In^'Cla, are freely soluble in water. The 
chloridje is volatile and hygroscopic. 

EEAOTIONS IK THE DEY WAT. 

Indium and its compounds impart to the flame a peculiar bluish tinge. When 
examined with the aid of a spectroscope two characteristic blue lines can be 
seen, a bright one in the blue, and a feebler one in the violet. They are how- 
erer very transient. The sulphide gives more persistent lines than the chloride. 

BEACTIONS IN THB WET WAY. 

We may employ A solution op any of the above salts. 

SH9 produces no precipitate in the presence of a strong add. Indium is, 
however, precipitated like the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The slimy precipitate of Indie sulplilile, 
'In^^'^Sji, is of a fine yellow colour. 

SAmj produces at first a white precipitate from a solution, containing ammonic 
tartrate, said to consist of In'' 383 and hydrogen. It turns yellow on the 
addition of acetic acid. The sulphide is insoluble in cold, but soluble in 
hot SAnij, and on cooling it separates again of a white colour. 

KHOf NaHo, or AmHo, produces a white biUky precipitate of Indlc hydrate, 
In^'^Hos, resembling aluminic hydbate, quite insoluble in KHo or AmHo. 

The presence of TH02 prevents the precipitation. 
Alkaline carbonates precipitate white gelatinous etirhenute. When 

recently precipitated it is soluble in ammonic carbonate, but not in the 

fixed alkaline carbonates. On boiling, indie carbonate separates again. 
OOBao" precipitates indie salts in the cold, as basic salts. (Distinction 

EBOM Zn, Mn, Co, Ni, and Fe.) 
POHoNaoj throws down a bulky white precipitate. 
Alkaline oxalates produce a crystalline precipitate. 
Zinc precipitates the metal in the form of white shining laminae. 

4. yAHADIVM, V" and ▼. Atomic weight, 51'3. — Occurs only in a few 
very rare minerals, principally in vanaditej or plumbic vanadate and oxychloride, 

(O x' 
^,Pb j, analogous in composition to pyromorphite (comp. p. 102) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, as 
Boscoe recently discovered, in the copper-bearing beds at Alderley Edge, and 
Mottram St. Andrews, in Cheshire. 

Vanadite may be made the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic 
precipitated by SH3, which at the same time reduces the vanadic pentoxide, 
V^aOs, to tetroxide, V'204. The blue filtered solution is then evaporated to 
dryness and the residue digested in ammonia, when the vanadic tetroxide 
becomes reoxidised into pentoxide. The ammonic vanadate can be precipitated 
as a white powder from this solution by introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCl. By exposure to a tem- 
perature below redness, in an open crucible, ammonia is expelled and "V^jOs is 
left. 

Yanadium forms several oxides, oxychlorides, chlorides, sulphides, which 
show that the metal is closely allied to the phosphorus and arsenic group. Thus 
We have : — 
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Oxides. Oxychlorides. (yhlorides. Sulphides. 



t " ^ f N I '^ ^ 

'VjOg — VCI2 — 

V'A (black) — VCI3 — 

'Vi^o04 (blue) — VCI4 '^^^Sa 

V^Og V'OCla — V^gSfi 

The most important of these compounds is the pentoxide, or yanadic anhydride, 
identical in composition with phosphoric, arsenic, antimonic, tantalic and niobic 
anhydrides. It combines m different proportions with bases, forming like the 
other anhydrides referred to, three senes of salts, viz., ortho-y pyro-, and meta- 
vanadates. Fused with CONaoj, it yields sodic ortho-yanadate, VONaoj ; but 
when boiled with a solution of an alkali, it forms the meta-yanadate, the latter 
class of vanadates being more stable than the ortho-salts. Alkaline vanadates are 
soluble in water, inversely to the quantity of &ee alkali, or alkaline salt present. 
Hence they are precipitated from their solutions by excess of alkali, or by salts 
(AmCl) . {Most characteristic reaction.) 

Yanadic anhydride has a reddish-yellow colour, and is difficultly soluble in 
water (1,000 parts), forming a light yellow solution, which reddens litmus paper. 
It dissolves also in the stronger acids to red or yellow solutions, which become 
frequently decolorized by mere boiling. It unites, however, with bases more 
readily than with acids. • 

A sulphuric acid solution of the acid when considerably diluted with water, 
and treated with zinc or sodium amalgam and warmed gently, turns first blue, 
then green, and finally from lavender to violet. The VjO^ becomes reduced to 
' VjOs ; and on the addition of Am Ho, a brown precipitate of the hydrate of the 
dioxide (hypovanadious acid) forms, which absorbs oxygen more rapidly than 
any other known re^i/wci/ng agents and bleaches organic colouring matter (indigo 
solution, etc.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric add, sugar, alcohol, 
reduce vanadic acid, especially in the presence of strong mineral acids, to the 
blue 'V^^204. The same takes place when SO2, or SH3, are added to its solutions 
in acid. 

EEACTIONS IN THE DET WAY. 

Borax dissolves V2O5 to a clear bead, colourless, or, with large quantities of 
the anhydride, yellow, in the outer flame, beautiful green in the inner flame. 
With larger quantities of vanadic acid it looks brownish whilst hot, and only 
turns green on cooling. 

BBACTIONS IN THE WET WAY. 

Use a solution op Sodic Metavanadate, V02Nao. 

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and 
solid state. By boiling in water, the orthovanadates of the alkalies are converted 
into colourless metavajoadates. On the addition of an acid to a solution of a 
neutral or orthovanad&te, the solution becomes yellowish-red, owing to the forma- 
tion of anhydro-salts. 

Ammonic, baric, and plumbic metavanadates are but sparingly soluble in 
water. The alkaline vanadates are more soluble in pure water, than in water 
containing free alkali, or a salt : hence they are precipitated in Uie presence of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAmj (vroup-reavent) produces a brown coloration in the liqud, and on 
acidulating with HCl, or better with SO2H03, the soluble ammonic sulpho- 
vanadate is decomposed, and brown pentasulplilde, V2S5, mixed with 
sulphur, is precipitated ; the liquid at the same time generally acquires a 
blue colour. It dissolves with red-brown colour in aqueous solutions of 
alkaline carbonates, hydrates, and sulphhydrates. 

If an acidified solution of an alkaline vanadate be shaken up with ether con- 
taining peroxide of hydrogen, the aqueous fluid acquires a red^brown colour, 
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like that of ferric acetate, whilst the ether remaiiu colourless. This reaction is 
extremely delicate. 

Yanadic and chromic adds are the only acids whose salts gire rise to red* 
coloured solutions. They are, howerer, differently affected by reducing agents. 

REACTIONS OF THE RARE METALS OF GROUP II. 

Group II comprises the Rare Metalsy precipitated as Sulphides by 
SJETa, from a Hydrochloric Add Solutioihy viz : — 

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide : — Pal- 
ladium, Rhodium, Osmium, Buthsnium. 

1. PALLAVIVM» Pd'' and <*. Atomic weight, 106'5.-Oceun native in 
platinum ores, principally, howerer, alloyed with gold and silTer, in a gold ore 
found in Brazil. The gold dost is fused together with silver, and the granular 
alloy heated with nitric acid, in which silrer aud palladium only dissolre. On 
the addition of sodic chloride, silrer is remored as chloride, and the palladium 
may then be precipitated as palladious cyanide, by means of mercuric cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in colour. 
Its specific gravity is 11*8. Of all the so-called platinum metals it fuses most 
readily, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readily in 
the red acid. It dissolves slightly in boiling concentrated sul[^uric aiad, but is 
readily attacked by fusing with hydric potassic sulphate. The true solvent for 
it, as for most other platinum metals, is aqua regia. Pkdladium forms several 
oxides and chlorides, in which the metal exists either as a dyad or tetrad, 
thus : — 

Palladious oxide Pd"0 Chloride Pd"aj 

Palladic „ Pd^'O^ „ Pd^^Cli. 

The lower oxide is obtained on gently igniting palladious nitrate. It is black, 
and its hydrate dark brown. Both part with their oxygen upon intense ignition, 
leaving spongy palladium. The nitrate may be prepar^ from the metal by dis- 
solving in nitric acid and concentration over a water-bath. It forms then a 
brownish-red non-crystallisable mass. 

Palladious salts are mostly soluble in vrater ; they are brown or reddish- brown ; 
their dilute solutions are yellow. 

BEACnONS Iir THE WET WAY. 

We employ A solution op Palladious Niteate, Mr204Pdo". 

OH2 precipitates a hrown basie salt, from solutions containing slight exoess 

of acid only. 
SH2, or SAmj, throws down from acid or neutral solutions black ipallmdlous 

sulplilde, PdS, insoluble in SAmj, but soluble in boiling hydrodilorio 

acid, aud readily soluble in aqua regia. 
KHo, or NaHo, precipitates a yellourish-brovm baste salt, soluble in excess. 
OOKo], or OONaO], precipitates brown paUadioiLS liyclratc, PdHo^, soluble 

in excess, reprecipitated on boiling. 
AmHo, or COAmoj, produces no precipitate from the nitrate, but decolorises 

the dark brown solution. 
HI, or soluble Iodides give, even in very dilute solutions, a black precipi- 
tate of palladious Iodide, Pdl2, somewhat soluble in excess of Kl. 

{Most characteristic reaction for Pd. It serves for the detection of 

iodine in the presence of chlorine and bromine.) 
HffOyj gires a yeilotoish-white gelatinous precipitate of PdOyj, readily soluble 
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in KCy, and in AinHo. Slightly soluble in HCl. It leaves on ignition 
spongy metallic palladium. 
CjAms gives no precipitate, even after the addition of SOg. (Distinction 
FEOM Cu.) 
SnCls produces a brotonish-hlack precipitate, soluble in HOI, to an intense 
green solution. 

Palladious salts are reduced to the metallic state bj phosphorus, SOHoj, 

r IT 

NOKo, < Q/-VTT , metallic zinc or iron, alcohol, etc. 

Palladious chloride, obtained by dissolving PdS in boiling HOI, is precipi- 
tated by ammonia as flesh-coloured ammonio • pallaillou* eiilorlde» 

NjHgPdCla, soluble *in AmHo to a colourless fluid, from which HCl reprecipi- 
tates it as a yellow crystalline chloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KCl precipitates a hrownish-red octahedral double chloride, 2KC1, PdClj, 

insoluble in absolute alcohol ; soluble in water to a dark-red fluid. 
All palladium salts are decomposed by ignition, leaving metallic palladium. 

2. BHODIUH, Bh'^ ^^ and ""*, also a pseudo-triad. Atomic weight, 104-4. 
— Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a whitish- grey metal, less ductile than platinum, and scarcely soiteaed, 
even in the flame of the oxy-hydrogen blowpipe. The specific gravity of uu- 
fused rhodium is 10*64, that of the pure metal, after fusion, 12*1. Rhodium is 
imalterable in the air at ordinary temperatures, but oxidises at a red heat. It 
also combines with chlorine at a red heat. When pure it resists the action qf 
the strongest acids^ even of aqua regia ; but when alloyed with other metals, as 
with Pb, Bi, Cu, and Pt, it is soluble in aqua regia ; when, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidized by fusion with solid caustic 
potash and nitie. Fusion with hydric potassio sulphate converts it into soluble 
potassic risodle 9Ulpbate» BzOei^h^^'KaO^yK Mixed with sodic chloride, 
and ignited in a current of chlorine, a double cblorlde of sodium and 
rhodium, dNaCl,JtVCl3,120H2, is formed, which is likewise easily soluble in 
water. 

Rhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : — 

Oxides. 

f * \ 

Rhodious oxide Bli''0. 

Rhodic „ 'BV'sOs. 

„ dioxide , Bh^^Oj. 

Rhodic trioxide (anhydride, acting as a weak acid) Bli^^Os. 

Chlorides. Sulphides. 

f * ^ f * ^ 

Rhodious chloride , Bli'^Cla. Ehodious sulphide .... Bh'^S. 

Rhodic chloride Bh^'Cl,. Rhodic „ .,.. 'Khg^'S.. 

or 'Bli^'aClfi. 

The most important compounds are the BhsOlg and BI13O3. Rhodium salts 
are obtained witn difficulty, owing to the insolubility of the metal and its oxide 
in acids. Their solutions are generally rose-coloured. 

BBAOTIOKS IN THE WET WAY. 

We may employ A soLrTiON op Potabsio- Rhodic Sxtlphate, or of the 

DOUBLE OhlOBIDE OP SODIUM AND RhODIXTM. 

SH2, or SAm2, precipitates from a hot solution, brown rbodlc sulphide, 
BIL3S3, insoluble in SAmj, but soluble in boiling nitric acid. 



232 APPENDIX I. 

KHo, or NaHo, gires with the chloride a yeUawisk-hroum precipitate of 
rli«4ie hydrate, BIisHqc, soluble in excess ; in other rhodie salts this 
precipitate appears onlj on boiling. 

From a solution of rhodie chloride, KHo, producing at first no preeipitatey 
gires, on the addition of alcohol, a brotcn precipitate of rli«Me hyArmte, 

AmHo gires also a yellow precipitate, only formed, however, after some time, 
soluble in Hd. 

KI produces a slight yellow precipitate. 

Metallic zinc precipitates black metallic rhodium. 

NOKo (p«tasalc nitrite) gives with the chloride an orange-yM^w precipi- 
tate, which is slightly soluble in water, but readily soluble in Hd. 

Bhodium is distinguished from the other platinum metals by its insolubility 
in aqua regia, its solubility in fusing SO3H0K0, and the behaviour of its chlonde 
with pota& and alcohoL 

». OSMIUM* Os^ *^ ^>, and "^^ also a pseudo-triad. Atomic weight, 199*2. 
— ^Found chiefly as a natural alloy of osmimm iridium in platinum ores, which 
remains behind undissolved, when the ores are treated with aqua regia, in the 
form of white, metallic-looking, hard grains. This alloy is attacked by miring 
it with common salt, or potassic chloride, and exposing it in a glass or porrelain 
tube to a current of moist chlorine gas. Osmic acid is formed, which volatilises^ 
and can be condensed and fixed by passing the fumes into a solution of caustic 
potesh. Iridium remains behind in the tube as a double chloride, 2E01,IjrCl4. 
This salt is obtained in reddish-hlack regular oetahedra, by recrystiUlisalion 
firom water. The alkaline solution is evaporated with excess of sal-ammoniac, 
and leaves on ignition of the dry residue, and extraction with water, metallic 
osmium, as a black powder, or grey, and with metallic lustre. The densest 
metal has a specific gravity of 21*4. Intense white heat volatilises the metal, 
but does not melt it. In contact with air, it bums the more readily the finer 
the metal is divided, and is converted into osmle anliy4ri4e, Os^^^'O^. Bed 
fuming nitric acid, or aqua regia, dissolves osmium likewise, and oxidizes it ta 
O8O4. Yery intensely ignited, osmium is rendered insoluble in adds, and has to 
be fiued with nitre, and then distilled with nitric acid, when OsO^ distils over. 

Osmium combines with oxygen, or chlorine, etc., in several proportions, 
thus: — 

Osmious oxide Os'^O Osmious chloride. . . . Os'XIls 

Osmic „ 'Os'^aOa Osmic „ (not 'Os'"jCl«,6KCl 

isolated) 

Osmic dioxide Os'^'Oa Osmic tetrachloride. . Os*^^4 

Osmious anhydride . . Os^Oa — « — — 

Osmic anhydride .... Os^"*04 — 

The two highest oxides combine with bases, and form oamltes and unstable 
Ofinatea. O8O4 is remarkable for its peculiar, exceedingly irritating, andoffensive 
odour, resembling that of CI and I. It attacks the mucous membrane and the 
lungs, and is excessively poisQnous. It is absorbed by water, and is precipitated 
from its solutions by all metals, even by mercury and silver, as a black metallic 
powder. On heating a mixture of finely-divided osmium, or of the sulphide, with 
potassic chloride in a stream of chlorine gas, a double chloride, 0%Cle6ECl, 
3OH3, is obtained, which crystallises from water in dark red-brown, regular 
octahedra. The salt is insoluble in alcohol. 

The solution of this double chloride is more stable than that of the osmium 
chlorides, and may conveniently be employed for studying the reactions. 

BEACTIONS IN THE WET WAT. 

SH2, or SAnij, gives a hrownish-hlack sulphide, Os'^, which only sepa- 
rates when a strong acid is present. The precipitate is insoluble in 
SAm^. 
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£Ho, or NaHo, AmHo, or COKos, produces a hrownish-red precipitate of 

hydrated osmle dioxide, 08*^Ho4. 
On fusing the double chloride with CONaoj, dark grey OsOg is obtained. 

Heated with tannic acid, or alcohol, with addition of HOI, the double chlo- 
ride is reduced to the blue osmious chloride, Oa'Ci^. 

A solution which contains osmic acid (an osmate) is remarkable for its great 
oxidising i>ower. It decolorises indigo solution, separates iodine from KI, 
converts alcohol into aldehyde and acetic acid. Sodlc sulphite yields a deep 
Tiolet coloration, and dark blue osmlou* tulpblte, SOOso'^ gradually sepa- 
rates. Ferrous sulphate produces a black precipitate of OsOj. Stannous clUo- 
ride produces a broum precipitate, soluble in HCl, to a brown fluid. All 
compounds of osmium yield the metal when ignited in a current of hydrogen. 

4. RVTHENIUBI, Ru", *^ »S and '^"S also a pseudo-triad. Atomic weight, 
104'4. — Found in small quantity only, in that portion of the platinum ores which 
remains behind, after treating with aqua regia. It is a greyish-white metal, 
closely resembling iridium, and yeiy difficultly fusible. When heated in the air 
it becomes corered with bluish-black riittaenlc oxide, BajO,, insoluble in acids. 
When pure, it is insoluble in acids, being barely acted upon by aqua regia ; 
fusion with hydric potassic sulphate even remains without action upon it. 

It is attacked, either by fusion with caustic potash and nitre, or potassic 
chloiate, and is converted thereby into potassic ruttaenate, Bu^sKo], a dark 
green mass, soluble in water to an orange coloured fluid, whicK tinges the skin 
black, from separation of black ruthenic oxide. Acids (KO3H0) throw down the 
black hydrate. 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of chlorine gas, being thus converted into potassle ruttaenle chloride, 
2KCl,Bu*^Cl4. 

Ruthenium forms several oxides, chlorides, etc., thus : — 

Ruthenious oxide Bu^'O. Ruthenious chloride .... Bn'Ols 

Ruthenic „ 'Bu'^jOj Ruthenic chloride 'Bu'^jClj 

Ruthenic dioxide Bu'^Oj Ruthenic tetrachloride . . BtL^^Cl( 

Ruthenic trioxide Bu^^Oj (known only in combination). 

(anhydride). 

Ruthenic tetroxide Bu^'^O^ 

(perruthenic anhydride). 

BBAOTIONS DT THE WBT WAY. 

We may employ a solution of Ruthenic Ohlobide, 'Bu'"2C1«, prepared 
by dissolving in HCl the ruthenic hydrate, precipitated by nitric acicC from a 
solution of potassic ruthenate. It forms an orange-yellow coloured solution, 
which on heating is resolved into HCl and B113O3. 

SH2 produces at first no precipitate, but after some time the fluid acquires an 
azu-reblue tint, and deposits broum ruthenle sulphide, BUgSs. This 
reaction is very delicate and characteristic. 

SAma produces a broumish-black precipitate, difficultly soluble in excess. 

£Ho precipitates black ruthenic hydrate, B113H06, insoluble in alkalies, 
but soluble in acids. 

CyKs produces, in the absence of other platinum metals, after some time a 
red coloration, which gradually changes to purple-red, and, upon heating, 
to a, fine violet tint (very characteristic), 

KCl, or AmCl, produces in concentrated solutions crystalline glossy violet 
precipitates of the doable chlorides, difficultly soluble in water, in- 
soluble in alcohol. They are decomposed on boiling with water, with 
separation of black ruthenious oxychloride. 

NOKo forms a double salt, SKOKo, TXfiJBiMo*'^ readily soluble in an excess 
of the alkaline nitrite. On the addition of a few drops of colourless BAnit, 



JUTEXDfX I. 

the tofaitioD mmimta & f ii riMM dark m# colour, rhTitging^ to Br^vm, witli- 

iat prodaees wt fait » iae mmrt^himt rtiankkm iamm% to th» icdoe- 
tioa of '!lUi''V].\ to ]la*CL£>r which msbae^uas^ daam^g^casBS^ ratikaiiiiin 
being depoHted in the metalUeitate. 

(B.) As Smipkidet^ toimbie im jftUmc amwumic sulphide z^baDWA, 
lfoLTBD€imc, TELLrBirv, and SeLE3nrM. 



1. MUMmmtrm^ W, ^,aad «*, al»M ft pMttdo-tnid. Atone wo^ht, 198l— 
Fomd Hi pbttOKOi oies flIIo7«d with platiniiB^ efaic^, h o w e t c t , in coiBliinatio« 
with owBium y left belmid ee s natire alloj in the nini of vcij Imd nw IiITm 
looking brittle grains, when the ore i» treited with aqitt icgi». In thii cod- 
ditiofi, €fr when reduced at » red heat hj hTdrogen, from anj of its eompoimds, 
UisimmlmkUimevef^^eid. Fnaiop with acid po famir gn lp ha ty OAJJia e a^ bat docs 
not diMotre it {f>mnfCTi€f3 vaox Bh). When fosed with csnstie aoda in a 
Hirer eraeible with aceeat c€ mtr or in&. uodae nitrate, it is fikewiBe oxUised, 
bat the oo mp o o nd of Ir^Q} and soda is onl j partiallT solnUe in water. Bj the 
aelioB of aqoa legia the latter is dissi ^ red to a deep liaet fiqaid, c ontaining tiie 
ItotfMc cM#rMe mf IrMiwB «■« asMvai, 2XaCl,IrCl4. This ame com- 
poond is ako obtained when a mlttuf e ci the iridium powder and drj sodic 
ddoride is heated in a glass or porcdain tube in a current of chlorine gas, and 
the fcsidiie dtssoited oat with water, 

Iridiam forms namerons compounds with oxj gi*u, chlorine, iodine, sulj^iUy 
ete,, IB whieh the metal exists as a djad, psendo-triad, tetrad, or hexad, as will 
be seen from the following list : — * 

Oxides. 

Iridioos oxide Iz^'O. 

Iridic „ Ir'^'jOj. 

Iridic dioxide (most stable) Xr*^^ 

„ hjdrate (bnlkj, indigo coloured) Iz'^^Hof. 

Iridic anhjdride (not known in tiie free state) .... Ir^K>'. 

Chlorides. Iodides. Sulphides. 

Ir^'Clj. Ir^O^ ir^'S greyish-bkck. 

'Ir'^'jCV '^"tU 'I^'' A brownish-black. 

Ir«^Cl,. IT»^I4. 

JJl iridinm chlendes aie eapaUe of forming erjstalline double ehktadm with 
the dilorides of the alkali metals. 

BSAcnoirs nr ths wxt way. 

A BOLVTIOW OW THE I>OUBLE CHI.OBIDS OF SODIFJC ASJ> JjODUiH, 

ZVtCUlxCl^ msj conrenientlj be employed. 

8H2 first decolorises the iridium solution, with sepaimtion of su^ur and 
updufition of the Ir^^CU to 'j3/"fii^ and finallj predpttates hrown IrMUc 

UktHi produces the same precipitate, readily soluble in excess. 

KHo or NaHo, added in excess, colours tbe solution ffreemsh, imd preoipi- 
tates a little hrawnish-black potaasic d#«ble mWmrUkm. On heating 
the liquid with exposure to the air, it acquires at first a reddish tint, 
whieh changes i^terwMHis to eumre^ku (DisxDronojr fbom Ft), and 
when evaporated to dryness and taken up with water, a oolourless solution 
i§ obtained, Mid a blu^ deposit of Iridic dioxide is 1^ undissolred. 

KCl precipitates dark bratfm potaaale Irtdle eUmrldc, 2£Cl,Ii€l|, in- 
soluble in a o^ncentoiited Bolution of potassic -diloride. 

AviOl t«hvowf down frcm eoneentnited solutions a 4farJt red powder, consist- 



moljbdato, 
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ing of small octahedral crystals of the ammOBte double cblorlde, 

2AmCl,IrCl4, insoluble in a concentrated solution of the precipitant. 
Reducing ctgenta, such as potassic nitrite, oxalic acid, ferrous sulphate, 
stannous chloride, mercurous nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.g. : — 

2(2K01,Ir*^Cl4) + 4NOKo = eKCVlr'^aClg + 2NO2K0 + Vfii- 

The double chloride crystallises out on cooling. 

When Ir*^Ho4 is suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the wat«r, as long as 
SO3 is giyen off, the whole of the iridium is converted into insoluble brownish- 
green IHdle sulphite, SO(IrO)"o",40H2 (Sbpabation feom Pt). 

Metallic zinc precipitates black metallic iridium. 

Note. — For the separation of the so-called platinum metals we must refer 
the student to some larger work on Chemistry, such as " Watts' Dictionary." 

2. IHIIIiYBDENlJSr, Mo", *^ ^*, and ^»", also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disul- 
phide {Molybdenite^ Mo*»S2, resembling ^phite, and as plumbic molybdate 
(toulfeniief or yellow lead ore), MoOoPbo". 

Molybdic anhydride, M0O3, serves for the preparation of ammonic molybdate, 
a reagent largely used now in determining phosphoric acid, and best obtained 
from molgbdenitey by first roasting the ore, at a red heat, in an open vessel, 
an^ dissolving the impure anhydride in strong anunonia. An acid ammonic 
' SCoOjAmo 

" O -1- OH2, crystallises out, on cooling, in large trans- 

^ MoOjAmo 

parent crystals. The metal is prepared by intensely heating the oxide in a 
charcoal-hned crucible. It is a silver-white, brittle and exceedingly infiK^iblci 
metal, of specific gravity 8*6. It is not affected by exposure to the air, but when 
heated it becomes first brown, then blue, and finally white, passing through 
various stages of oxidation till it is converted into molybdic anhydride, MoOs* 
Molybdenum is insoluble in HCl, but is acted upon by NO^Ho, or aqua regia, 
being converted into the anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds in which the metal 
exists as a dyad, pseudo-triad, tetrad, hexad, and octad } thus :^^ 

Oxides. Chlorides. Sulf^ides. 

Molybdous oxide, Mo"0. Mo"Cl,. 

Molybdic „ 'Mo'^aOa. 'Mo'^sOlg. 

« MoO,MoO,. — 

Molybdic dioxide, Mo^''02. Mo'^Cl4. ]lfl[o^^S2 (the native molybdenite). 

Molybdic trioxide — Mo^^Ss (sulphomolybdic anhy- 

or anhydride, IC0O3. — dride). 

3lto*»"S4 (per - sulphomolybdic 
anhydride). 

The higher oxide (anhydride) and sulphides form oxy- and sulpho* salts, — 
molybdates and suVpho-molyhdates. Black molybdous hydrate, Mo^Hos, forms 
with acids molybdous salts, which absorb oxygen readily from the air, and are 
powerful reducing agents. The principal salts are, however, the molybdates. 

BEAOTIOVS IN THK DEY WAT. 

Molybdic anhydride, when heated on charcoal, in the outer flame, first melts, 
and is then partly volatilised and forms a yellow crystalline sublimate on the 
charcoal which turns white, on cooling ; in the inner flame it is reduced to th^ 
metallic state (even without CONao^) ; the metal con be obtained as a grey 
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7h« ftiTml'Ttfe flK^fMftCtt snr Mcabfle izi water, Mfise «c&«es 

f rvoi ft fi^MtxiaatUid MbtkA of ft B6{fb^«fie. Kimhiutr ikjwrav 

menM «f t&« Mil 
gH^ ^gFiiAmly pttetpttatei fooi ftdihikrwl «haioB> li ■■■■■i ifar i 

tflc tcvMdpfeMc, Mo^ aotakit m aflkaliBe la^ifaidc* to 

wldiki Mv deerj«K|H(t«d apon hj maim -whSk 

nidkj 4tt tht ftpptieBtioB ol btal. On tKe 

t]k« flu^j'tdftte M>lstMB a < i|uii» ftS Cnt a i/«e titf ; added m 

qtmiAitifftf h prodaeea a pneipitate^ and tiie mpoDBtaat isid 

fr«em, tOl oa the M^diikm €fi exoaa of SHj tfae vluile ol die 

ratal, tbitffigili d«yirif , a« a uno^Jde, 
MAmt fi^ca a fimilar prMifctate, folable in cxeoa. 
««d«cta« sgpesUy toOk m flaCl^ M^O^H^o", Za and HCl, de, prodaee 

<tliafH[^, narked dueflj lij altcratJoiH in coloar. 
The iMTOStpal and meat efaaiacteriilie icacCion for noijbdie anh jdride 

tmAUf hf/w^awetf in pfggphatingit in a rnUne meid toMicmy aa jrl/oat 

piia i*tyM«tf, or aracmia MrtfM«ii, bj iht addition of a 

iraeeof afc^nUepfaoapliaie, orancnafte. (Compu p. 142.) 

9. TEI^I^VBirM, Tc^', f^ and ^. Atoade wci^ 12&— Oeems in a fear 
fJaetta^ and in amall qnantitiea onlj, aa native metal {ffraphie amdfoUmUd teOm- 
rmm); mart often in ocnijbination with An, Ag, Bi, Pb, aa a {smlfko^-ieUmride^ 
wuaXffgtnm to anenidea, etc. ; or aa mxraora acid, in eombmaticHi wfth metalKr 



Xenonam exbibita all the pfajncal propertief of a metal, and leaemUea anti- 
monj m ita pmertA appeanmce. It is a white, brittle, but leadHj fnsUe meCa!, 
whi^ mar he tuhUmea in a g^aft tnbe. When heated in the air it boma with a 
ffr0!4mi$k'llme Ikane, eautting Hack white fumes of tcUarasa aaliydFMc, TaQs, 
Tb« metal ie insoluble in HCl, but dissolres leadilj in MO^Ho, foiming TeO% a 
white sttbstanoa whieh fuses to a rellow floid, at a gentle heat, and rdatiliseB on 
sironi^ ipaium in the air. TeUnrons anhjdride diasoWes baie^ in water, and 
the mAaiUm does not redden litmos ; readily in HCl, less so in MOjHo. It alao 
i\\mtt\re% freelj in potash, or soda, slowlj in ammonia, forming alkaline teDarttca. 
(hi dilution with water, white t^nrons hjdnte, TeOHo^ is precipitated from 
an a«kl soloiion^ A nitric acid solution slowlj deposits crystalline tellurons 
anhydride, eren without the addition of water. 

J <;llurium forms sereral oxides, chlorides, sulphides, etc., in which the metal 
is a dyad, t«drad, *fr hexad ; thus : — 

Oxides. 



/ ' \ 



Tcllurous oxide (anhydride) Te^^j. 

„ acid TeOHoj. 

TttWuritt oxUUs (anhydride) Te^Oj. 

„ acid TeOjHos. 

Chlorides. Sulphides. 

t ^ \ / ^ — V 

Tollurous, or dichloride TeClj. — 

Telluric, or totrachloride TeClj. TeSj. 

— TeS,. 

It also forms with hydrogen a gaseous compoimd, teUuHetted hydrogen or) 
hydrolelluric aoid)f Ta'^Hg. 
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Both the di* and ter-oxides are capable of forming with metallic bases salts 
called tellurites and tellurates. The alkaline and alkaline earthj tellurites — 
formed by fusing tellurous acid with the carbonates of these metals — are all 
more or less soluble in water ; all others obtained by double decomposition are 
insoluble. The tellurates of the alkali metals, prepaj^ in like manner, are also 
soluble in water ; the others are insoluble, ^ej can be prepared by double 
decomposition. 

The sulphides of this metal act as sulpho-acids, forming with the alkaline sul- 
phides, suVpho-tellwrites and tellurates. 

BKACTIONS IS THE DET WAT. 

When tellurites, or tellurates, are heated with charcoal and COKoj, they are 
reduced to potassle telluride, Te'^Kj, which produces a black stain on a moist 
silver plate, and is soluble in water, forming a dark-red solution. When HCl is 
added to this solution hydrotellurie acid yas* Te'^Hj, is eyolyed, resembling 
SH, in smell, and soluble in water, to a pale-red solution, which is decomposed in 
contact with air, with deposition of metallic tellurium. 

All compounds of tellurium are readily reduced on charcoal in the inner 
flame. The reduced metal is yolatilised and forms a white scarcely yisible deposit 
of tellurous anhydride on the charcoal. Stannous chloride colours it black, owing 
to the separation of metallic tellurium. 

With borax or microcosmic salt a clear colourless bead is obtained, which when 
heated on charcoal, is rendered grey and opaque, owing to reduced metal. 

BBACTIOKS IN THE WET WAY. 

A. TELLURIC COMPOUNDS. — Use a solution of Potassio Tel- 
LTJBATE, TeOsKos (obtained by fusing potassic tellurite with nitre). 

HCl does not decompose tellurates in the cold, but on boiling the solution 
chlorine is eyolyed, and on dilution with water tellurous acid, TeOHo3,i s 
precipitated, soluble only in a considerable excess of HCl. (Distinction 
OF TeOs ^^OM TeOj.) 

B. TEIiliUROUS COMPOUNDS. — USB ▲ SOLUTION OF POTASSIO TbL- 

lubite, TeOKoj, 

HCl decomposes this solution and precipitates white telluroiLS acid. Tel- 
lurium resembles in this respect Sb and Bi compounds. 

SH3 precipitates from add solutions hrown tellurou* siilplilde» TeSj, 
resembling in colour SnS, and yeiy freely soluble in ammonic sulphide. 

Reducinv aventt, e.ff., SONaos, SnOlj, metallic zinc and HCl, a solution 
of sulphurous add, etc., reduce tellurium compounds and precipitate black 
metallic tellurium, which is insoluble in an aqueous solution of potassic 
cyanide. 

4 SEIiENIUH, Se", *% and ▼*. Atomic weight, 79.— Found native, also 
as selenide of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in the flue-dust 
of roasting furnaces, and as a seleniferous deposit in the lead chambers of sul- 
phuric acid works, where the add is manufactured from seleniferous pyrites. 

It resembles the non-metallic element, sulphur, in many respects, e.g., in 
exhibiting alike allotropic changes ; in others the metal tellurium. It is a brittle 
dark-brown substance, fuses at 2fkf C, and yaporises at about 700° C, and may 
be sublimed. Heated in air it bums with a bluish flame and forms •elenloun 
anhydride, SeOg, whilst at the same time a disagreeable odour of decaying 
hon^-raddish is giyen off. The same oxide is formed when selenium is dissolyed 
in nitric acid, or aqua regia. Selenates containing aelenle anhydride, SeOs, 
are formed by heating selenium, or its oompoimds, with carbonates and nitrates 
of the alkalies. These oxides form two series of salts, yiz., selsnitet and selenates. 
The selenites are the more stable of the two. 
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BBACTIONB IN THB DST WAT. 

Seleniimi compounds are reduced, when heated with OONao^i on cliarcoal, in 
the inner hlowpipe flame, and may be readily recognised by the characteristic 
smell of horse-raddish which they give off. If the saline residue, which contains 
sodic selenide, SeNa2, be placed on a bright silyer coin and moistened with a drop 
of water, a black stain is produced on the silver. Treated with dilute HCl, it 
evolves gaseous hydroselenic acid (selenictted hydrogen), SeHj, analogous in 
composition and properties to sulphuretted hydrogen. It is an inflammable, 
foetid, poisonous gas, very soluble in water. The aqueous solution of fitoH^ 
gradually deposits selenium on exposure to air ; it precipitates selenldes £rom 
solutions of many metallic salts. 

BEACTIONS IN THB WET WAY. 

A. SEIiENIG COMPOUNDS. — UsB A SOLUTION OF POTASfilC SblbnATB, 
SeOjEog. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium and lead salts, 
which are insoluble in water and in dilute acids. 

HCl decomposes selenates, on boiling ; chlorine is evolved, and the mlt is 

reduced to a selenita. (Distinction fboh SeOs-) 
SHs does not produce a precipitate, till the selenate has been reduoed to 

selenite, by boiling with HCl. 
BaClg produces a white precipitate of baric selenate, SeOjBao", insoluble 

in water and in dilute acids ; decomposed by boiling HCl. 

B. SBIiENIOUS COMPOUNDS. — TJSB A SOLimON OF AN AXEALINB 

Selenitb. 

The normal alkaline selenites are soluble in water, most others are insoluble ; 
all acid selenites are soluble. HCl dissolves but does not decompose selenites. 

SH2 produces from an acid solution of a selenite, a lemon-bellow precipitate 
of selenlous sulphide, 8982 (?), which almost immediately breaks up 
into its component elements Se + Sj, but is readily soluble in ammonic sul- 
phide. 

BaCl2 gives a white precipitate of baric selemtCy SeOBao'', soluble in dilute 
HCl, or NOjHo. 

Redueinv agents, such as SO2, alkaline sulphites, SnClj, melallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metaUic selenium, as a 
red powder, which turns pretf at a high tenaperature and is soluble in KOy 
solution. (SOgFeo" is without action.) Metallic copper is immediately 
coated black when placed in a warm solution containing hydrochloric acia, 
and on standing, the solution turns light red, from separation of metallic 
selenium. 

Group I comprises the Rare Metals precipitable by HCl, viz., 
tlie metal Tungsten, or Wolfram, which is precipitated as tungstic 
acid, WO2H0,, and Thallium precipitated as thallious chloride, TlOl. 
Several other metals already treated of in Group III beside 
Thallium, viz.. Niobium, Tantalum, Molybdenum, are likewise pre- 
cipitated, but the precipitated acids (NbOaHo, TaOjHo and 
MoOaHoa) dissolve again in an excess of hydrochloric acid. 

1. TUNCSTEN, or WOIiFRAM, W*^ and ^K Atomic weight 184.--Thi8 
metal occurs in nature as teroxide in the form of tungstatee, in combination with 
the bases CaO, PeO, KnO, in the minerals wolfrmm^ WOg [Feo'' Mno'] and 
tungsten, WOgCao". 

The metal can be obfaiined by intensely heating the oxide in a curpent of 
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hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes 
again oxidised to tungstic anhydride, WO3, when heated in air. Dry chlorine 
gas converts it into dark violet^ WClg, which sublimes, and a more volatile red 
compound, WCI4. Both chlorides are decomposed by water into the correspond- 
ing hydrates, with formation of HCl. The metal is insoluble, or scarcely soluble, 
in acids, even in aqua regia. 

The following are some of the more important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 

Oxides. Chlorides. Sulphides. 

Tungstic anhydride (lemon -yellow) .... W'^Oa- W^^Cle. W^Sa. 

Tungstic dioxide (brownish-black) "W^^O^. W*^Cl4. 

Intermediate (blue-coloured) oxide .... WjOg. WCI5. 

= W^03,W'i03 - WCl4,WCle. 

Tungstic anhydride can be prepared from wolfram or tungsten^ by digesting 
the finely divided mineral in aqua regia, till it is completely decomposed, and 
evaporating to diyness on a water-bath. The metallic chlorides are dissolved 
out with acidulated water, and the residue, which contains a little silica and 
sometimes niobic acid, washed with alcohol and treated with ammonia. Tungstic 
acid is dissolved, and silicic and niobic acids are left behind. From the ammonia 
salt, pure anhydride is obtained by the evaporation of the filtrate and ignition. 

EBAOTIONS VS THE DEY WAY. 

When heated on charcoal in the reducing flame, together with OONoo^ and 
KCy, tungstic anhydride is reduced to a black powder, containing metallic 
tungsten. Heated with microcosmio salt, tungsten compounds give a colomrleas 
bead in the outer flcune ; itt the inner flame a blue bead, which on the additiotl 
of a little SOsFeo'' changes to blood-red. The addition of tin changes the red 
bead to blue or green. 

beacnoks in the wet wat. 

We mat employ a soltttion op Sodic Tttngstate, "WO^bo^. 

The alkaline tungstates are soluble in water, all others are insoluble, and can 
be obtained by double decomposition. 

IHIneral adds (HOI, NO2H0, or SOjHos) precipitate wAiYd tiuivstlc acld^ 
WO2H02. It turns yellow on boiling, and is quite insoluble in excess of the 
acids. (Distinction peom HLoO^) Non-volatile acids {e.g.^ phosphoric, tar- 
taric) precipitate it likewise, but Uie p]to«i{ntate is soluble in excess. It is also 
readily soluble in AmHo. 

SH2 produces no precipitate fW)m an add solution, but reduces the tungrt^b 

acid to the blue oxide, WjOs. 
SAm2 produces no precipitate from, alkaline tungstates, but on acidtdatine 

with HCl, Ught brown tungstic tersuljpliide, WS3, is precipitated, 

slightly soluble in pure water, but insoluble in the presence of salts. Thfe 

solution is coloured blue. The precipitated sulphide dissolves readily in 

ammonic sulphide. 
SnCl2 gives at first a yellow pt^cipitate ; on acididating with Bdl find 

applying heat, the precipitate acquires a beautiful blue colotrt». Thi* 

reaction is very delicate and highly characteristic. 
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REAGENTS. 
SOLVENTS. 



DlstlUecl Water.* — Obtained by condensing steam by means of a tin worm. 
The first portions of the condensed water usually contain carbonic anhydride and 
amraonic carbonate, and should be rejected. 

Impurities. — ^When evaporated in a platinum yessel, distilled water should 
not leave a solid residue, either organic or mineral. Ammonic sulphide ought 
not to give a precipitate (Ou, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (OO2, OOAmO)). No turbidity or precipitate should be pro- 
duced, moreover, on the addition of ammonic oxalate (lime), baric chloride (sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is colourless, 
inodorous, and tasteless. 

Water used for Nessler's test should be specially distilled in a glass retort 
with a few pieces of caustic potash, and the distillate rejected as long as the 
Nessler solution indicates any traces of ammonia. 

Aleohol (Methylated Spirit), OsHsHo or EtHo. — Ordinary methylated 
spirit (i.e., ethylic alcohol, 90 p. c, mixed with 10 p. c. of wood spirit or methylic 
alcohol) may be employed for most purposes. It can be rendered absolute by 
shaking with well dried potassic carbonate and distilling the clear spirit in a flask 
or retort from a water-bath. 

Impurities. — Commercial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEt2. — ^The ordinary ether (methylated, i.e.j prepared from methy- 
lated alcohol) of commerce, is pure enough. 

ACIDS. 

Sulptaurle Add,* SO2H0S. — Common oil of vitriol may be used in all 
operations with which its usual impurities (lead, arsenic, iron, lime, nitric add) do 
not interfere. Sulphuric acid, free from arsenic, should be employed for genera- 
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever 
this metal has to be precipitated as sulphate. Sulphuric acid, free ^m nitric 
add and nitric peroxide, ought to be employed in testing for nitric acid by means 
of ferrous sulphate. 

Impurities. — ^Pure sulphuric acid is colourless, and leaves no residue on evapo- 
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it 
in a narrow test-tube, it should not form a brown ring where the two liquids 
come in contact (nitric acid and nitric peroxide), nor strixe a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide). The presence of arsenic is best ascertained 
by passing a current of sulphuretted hydrogen through the dilute acid, or by 
generating hydrogen from zinc free from arsenic, and passing the gas through an 
ignited combustion tube (Marsh's test, Fig. 14) . Plumbic sulphate is frequently 
found in sulphuric acid, and is precipitated on diluting with water, being less 

* The asterisk marks the more important reagents. 
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soluble in dilute than in concentrated acid. Hydrochloric acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude acid. 

Dtlnte Sulphuric Acid.* — ^Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1*8) into fiye parts by measure of dis- 
tilled water, with continuous stirring. Thin glass vessels (beakers) or a porcelain 
dish should be employed, as much heat is evolved. Allow the plumbic sulphate 
to subside, and decant or syphon off the clear liquid. 

Nitric Add,* Aqua fortiSy NOjHo. — Should be colourless, and leave no 
residue on evaporation in a glass dish. 

Impurities. — Sulphuric and hydrochloric acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

Dilute Nitric Acid.* — ^Prepared by diluting one part of pure commercial 
add (sp. gr. 1*38 to 1'45) with three parts of distilled water. 

Crude Nitric Add.* — May be employed for all experiments in which the 
above impurities do not interfere, e.ff., in the preparation of K3O3 or K2O3 by 
the action of nitric acid upon copper or arsenious anhydride. 

Concentrated Hydrochloric Add,* Muriatic Add, HCl. — Should be 
colourless, and leave no residue on evaporation. 

ImpwriHes. — ^Ferric chloride, sulphurous and sulphuric adds, arsenic. The 
acid should not impart a blue colour to a solution of KI and starch paste (CI or 
Fe2Cl0). On addmg a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (S02)* The dilute ucid should renudn clear 
on the addition of a solution of baric chloride (SO^Hoj). Sulphuretted hydro- 
gen, when passed through the dilute acid, should not produce a precipitate 
(arsenic), nor should ammonic sulphocyanate redden the diluted acid (iron). 

Dilute Hydrochloric Add.*— Pure commercial acid, sp. gr. 1'16, is diluted 
with three times its bulk of distilled water. 

Crude Hydrochloric Add.*— Should be employed whenever the impuri- 
ties which it contains do not interfere with the object in view, as for instance in 
the preparation of chlorine from manganic dioxide. 

Aqua Resla or Nltrohydrochlorlc Add. — Prepared, when required 
only, by mixing one part of concentrated nitric acid with three to four parts of 
hydrochloric acid. 

Sulphurous Acid, SOH03. — ^Prepared b^ acting with eoneenlarated sul- 
phuric acid upon copper, and passing the gas mto water. The solution should 
be kept in a well-stoppered bottle. 

Carbonic Add Water. — ^A solution is prepared by acting with hydiH)- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Chlorine Water. — ^A solution of chlorine in water is readily prepared. It 
should be kept in a well-stoppered bottle, and in a dark place, since on exposure 
to light, it is speedily converted into HCl with evolution of oxygen. 

r OH 

Acetic Acld,*V QQ^Q> Pureoommereial acid of sp. gr. 1*04, diluted with 

one part of water may be used. It should leave no residue on evaporation. 
Impurities, — Sulphuric and hydrochloric acids, lead, copper, iron, lime. 

'Tartarle Acld» TH03. — A solution is prepared when required only, as the 
aeid undergoes decomposition in an aqueous solution. One part by weight of 
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oommerciaL tartanc acid of tuffictent purity ia dissolTed in itoe parti of water 
{i.e., 1 grm. in 3 o.c. of water). 

Imfmritiet. — ^Tartario add contains sometimes gypsum and oaloie tartrate, 
-which are best tested for by igniting a few crystab on platinum, ejtraeting the 
residue, if any, with a few drops of dilute HCl, and adding to one portion BaCIj, 



to another AmHo, and •< qq a mQ. 



Oxalic Add, \ nOH^* ^^ commercial acid is sufficiently pure. It should 

not leaye more than a trace of a residue on ignition. 

Impurities.— Irotiy potasaic and sodic oxalates, Iim«. DiseolTe one part by 

weight of the crystallized acid, A ncyuc^ + 2 aq., in fcqn parfs by measure of 

water. 

Hydrofluoric Acid, HF. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involyes expensive apparatus. It shouid leaye no 
fixed residue on evaporation to dryness. 

Hydrofluosllldc Add, 2HF,SiF4.— -A solution of this acid in water is pre- 
pared as described, p. 138. It should be made sufficiently strong to precipitate 
a soluble baric salt readily. 

Impurities. — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a 8<^ution of a strontic 
salt (SO2H02). 

Hydrosulpliurlc Add, SH,. — Prepared when required. In well ap- 
pointed laboratories sulphuretted hydrogen is now usually st<»red in a gasholder 
over oil, and supplied like coal gas from small taps, in closets, connected with the 
chimney. The gas, whether obtained from a constant generating apparatus, or 
from a gasholder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water answers most 
purposes of the analyst. It should be kept in a well-stoppered bottle^ since 
sulphuretted hydrogen decomposes rapidly when in contact with air with forma- 
tion of sulphur acids and precipitation of white sulphur. 

If the gas be required entirely free from AjbH), it should be generated by 
acting with pure HCl (concentrated) upon native ffrei^ antimony Sb^S^. 

BASES AND METALS. 

Potassic Hydrate,* £Ho, or Sodlc Hydrate, NaHo. — Usually obtained 
in commerce in ^e form of sticks or lumps, which may be dissolved in twenty 
ports of water. 

Impurities. — SiUca, alumina, phosphoric, sulphuric^ and hydrochloric acida 
(sulphates and chlorides, often in not inconsiderable quantities), and carbonic 
acid. On dissolving in water, and allowing the suspended matter to subside, the 
clear solution may be ^phoned off. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

AmmoBlc Hydrate,* AmHo. — The liquor ammonia of commerce, sp. gr. 
•88, is diluted with distilled water till the liquid has a sp. gr. of '96 •■ 10 per 
cent, of NH3. 

Impurities. — A solution of ammonia should be colourless ; on neutralizing 
with pure HCl it should remain inodorous. When evaporated in a glass or 
platinum dish, it should not leave any residue. Ammonia contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiaerable 
quantities of ammonic carbonate, when it produces a white precipitate on the 
addition of lime water. 
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Baric Hydrate,* BaHoj. — Obtained bj dissolTing in a stoppered bottle one 
part of crystallized baric hydrate, BaHos + 8a,q. in twenty parts of water. Allow 
to subside and syphon off into another well-stoppered bottle. 

Impurities. — The solution commonly ealled haryta-water should, on precipi- 
tating with pure SO3H02, ^ve a filtrate which leaves no fixed residue on eyapo' 
rating to dryness in a platinum yessel. 

Calcic Hydrate,* CaHo2. — ^Freshly slaked lime in powder is used in qualita- 
tive analysis, as well as a solution of lime, so-called lime-wcUer. This is prepared 
by dissolving in cold distilled water some freshly slaked lime, allowing to subside 
in a stoppered bottle, and syphoning off the dear liquid into another bottle. Lime- 
water contains about one part of lime dissolved in 600 of water. 

AmmoBlc Sulphide,* SAm2. — Prepared by saturating three parts of 
amnionic hydrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydric ammonic sulphide with two parts of ammonic 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of water. It should be 
kept in well-stoppered bottles. Calcic or magnesic salts should not be predpi- 
tated ; nor should the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it gradually into NHs, OHg and yellow SSAmj. 

Yellow Amntoiilc Sulphide, SSAmg. — ^Used for the solution and conrer- 
flion of SnS into SnS2. It may be prepared by digesting the neutral SAnij with 
flowers of sulphur 'and filtering the liquid. 

Sodle Salphlde, SISTas. — Prepared by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little lerrous sulphide, which is generally precipitated, is filtered off. The 
solution must be kept in a well-stoppered bottle. 

SALTS. 

Potasslc Sulphate, SO^Ko^. — ^Dissolve one part of the commerdal salt in 
twelve parts of water. 

Potasslc Iodide, KI. —The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure EI should be free from iodate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
SO2H02. 

Potasslc Nitrite, KOKo. — ^Dissolve one part of the commercial salt in two 
parts of water, when required for use. 

Potasslc Chromate, Or02Ko2.— Dissolve the salt of commerce in ten parts 
of water. 

ImpnriUet. — Sulphuric acid. The solution ought not to become turbid on 
the addition of dilute HCl and BaCl2. 

Dlpotaitsle Dlchromate, OrsOgKoj. — Purify the commercial salt bjrecrys- 
tallisation till it is free itom. SO2K02, and dissolve one part in ten of water. 

Potasslc Hetantlmonate, Sb02Ko + 5 aq. — ^Prepared by deflagrating in 
a Hessian crucible one part of finely powdered antimony with four parts of salt- 
petre. Pour the fused mass on a stone slab. Powder it, and boil with twelve 
parts of water for two or three hours, and filter, when a dear and neutral solution 
is obtained. £01 and AmOl should not precipitate it. 

Potasslc Ferrocyanlde,* 'S.^qCj^, and Ferrlcyanlde, EeFesCyi,. — These 
salts can be purchased in a state of sufficient purity. Thej are dissolved, in small 
quantities at a time, in twelve parts of water. 

Potasslc Snlphocyanate, OyKs, or Ammonic Sulpliocyaiiate CyAms. 
— Dissolve in ten parts of water. 

B 2 
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ImpuritieSf such as SOsHo^, do not interfere with the reactions. 

Sodic Carbonate,* OONao2. — Procure the pure salt, which should be free 
from sulphate and chloride. The solution should not give a precipitate after 
conversion into a jutrate, when treated with concentrated NO3H0 and MoOjAmoa, 
and should not leave a residue, insoluble in water, on acidulating with pure HCl 
and evaporating to dryness (Si02) . 

Dissolve the dry salt in five parts of water. 

Hydrlc Disodic Phosphate,* POHoNaoa + 12 aq. — Kecrystallize the com- 
mercial salt and dissolve one part of pure salt in ten parts of water. 

Impurities. — Sulphate and chloride. — Ammonic hydrate should not cause any 
turbidity on warming (alkaline earthy phosphates). 

{OH 
CON "*" ^ ^* — '^^^ commercial salt generally contains 

sodic sulphate. If a pure salt cannot be procured, sodic acetate may be prepared 
by neutralising pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Acetate and Acetic Acid. — ^Dissolve 20 grms. of pure crystal- 

{OFT 
OON* ^^ ^^ ^'^' ^^ water, and add 40 c.c. of concentrated 

r CH 

I OOHo' ^'^^ solution is used for the precipitation of ferric, aluminic, and 

chromic phosphates.' 

Hydric Sodic Sulphite, SOHoNao. — Dissolve one part of the salt in five 
parts of water. Hydric ammonic sulphite may frequently be used with greater 
advantage. 

Sodic Hyposulphite, SSONao2 + 5 aq. — Readily procurable in a pure state. 
Dissolve one part of the salt in forty parts of water. 

Sodic Hypochlorite, ClNao. — Prepared by shaking up one part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of commer- 
cial sodic carbonate as long as a precipitate is produced. Allow to subside, and 
syphon ofP. 

Amnionic Oxalate,* < nOAmo "*" *^* — ^^^^7 *'^® commercial salt by re- 
crystallization and dissolve one part in twenty-four parts of water. 

Impwrities. — The salt should leave no fixed residue on ignition. Sulphuretted 
hydrogen or ammonic sulphide ought not to produce a turbidity or a precipitate. 

Amnionic Carbonate,* COAmo2. — ^Prepared by dissolving one part of the 
commercial sesquicarbonate, after scraping off from the lumps any foreign matter, 
in four parts of water and adding one part of strong ammonia solution. If a 
precipitate of ferric hydrate be thrown down, it is allowed to subside, and the 
clear solution is syphoned ofP. 

Impurities. — Iron, lead, sulphuric and hydrochloric acids. The salt should 
volatihze completely and give no precipitate with baric chloride, or argentic nitrate 
(after acidulating with hydrochloric or nitric acid respectively) , also no precipi- 
tate with sulphuretted hydrogen or ammonic sulphide. 

Hydric Ammonic Carbonate, OOHoAmo. — Obtained in colourless 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The salt is employed for the separation of 
AS2S3 from Sb2S3 and SnS^. A saturated solution is prepared when required. 

Ammonic Chloride,* AmCl. — ^The commercial salt (sal-ammoniac) usually 
contains iron. Purify by adding to the solution a little ammonic hydrate. 
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly 
with pure HCl. The salt should leave no fixed residue on ignition. Dissolve in 
five parts of water. 
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Ammonic Molybdate, MoOsAmoz. — Tliis salt may be purchased. It is 
dissolved in strong ammonia and allowed to stand for some time. A slight yellow 
precipitate containing ferric hydrate, usually subsides. The clear fluid is poured 
into concentrated nitric acid as long as the molybdic acid which at first precipi- 
tates is entirely redissolved. The nitric acid solution should remain colourless on 
boiling. A yellow precipitate indicates contamination with phosphoric acid, and 
the reagent should not be used, till it remains clear on digestion. 

Amnionic Sulphate, S0.2Amo2. — Becrystallize the commercial salt from 
an ammoniacal solution in order to separate iron. Keep a saturated solution for 
use. 

Amnionic Nitrate, N02Amo. — The commercial salt is dissolyed, when 
required, to a saturated solution. It should leave no residue when ignited on 
platinum. 

Baric Chloride/ BaClg + 2 aq. The commercial salt is rarely pure 
enough, and not unfrequently contains lead. It should not give a precipitate 
with sulphuretted hydrogen or ammonic sulphide, nor should a residue he left 
after precipitating the whole of the barium by pure sulphuric acid and evapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sulphuretted hydrogen, filtering and recrystaUizing. Dissolve in ten parts of 
water. 

Baric Nitrate, N204Bao". — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloride, in order te avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test as for baric chloride. Dissolve one part in 
15 parts of water. 

Baric Carbonate,* OOBao". — ^Prepared by precipitation of pure baric 
chloride with Ammonic carbonate and AniHo. Wash well till free from AmCl ; 
stir up the precipitated baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a stoppered bottle. Shake up before using this 
reagent. 

Calcic Chloride,* OaCl2 + 6 aq. — ^The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonic sulphide (iron). 

Calcic fil alpha te, S03Cao'^-•-A saturated solution is prepared by repeatedly 
shaking up gypsum (SOHoaCao" + aq.) with water, allowing to subside, and 
syphoning off" the clear liquid. 

Mairnesic Sulphate. — ^Dissolve the commercial salt (SOKojMgo'' + 6 aq.) 
(recrystallized, if necessary) in ten parts of water. 

Blavnesia Mixture. — ^Dissolve 55 gms. of crystallized MgrOls in distilled 
water, add 70 grms. of AmCl and 350 o.c. of concentrated solution of ammonic 
hydrate, and make up to 1 litre. 

Ferrous Sulphate. — ^The commercial salt (SOHogFeo'' + 6 aq.) is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric Chloride,* Fe2Cl6. — Prepared by dissolving freshly precipitated and 
well washed Fe2Ho6 in pure HCl, keeping the ferric hydrate in excess. Allow 
to cool, dilute with an equal bulk of water and filter. 

Plumbic Acetate,* ( -I qq) Pbo.". Dissolve the commercial salt in ten 
parts of water. 

Argentic Nitrate,* N02Ago. — ^Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by dissolving in pure nitric acid, and precipitation as 
AgCl. Filter off the cupric salt, and wash thoroughly with hot water ; transfer 
to a porcelain dish, and introduce clean strips of zinc. Collect the finely divided 
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Bilyer on a filter, wash thoroughly with hot water, acidulated with a little sulphuric 
add, and dissolve in dilute nitric acid. Evaporate the solution to dryness, and 
fuse the residue gently. Dissolve in twenty parts of water. 

BIercnr«ns Witrate. -^Dissolve the crystals of the commercial salt 

^^^Hgjo'' + 2 aq., in 20 part« of cold water, acidulated with 1*2 parts of nitric 

acid. Keep some metallic mercury in the filtered solution. 

Mercuric Chloride, HgOl^. — Dissolve the commercial coirosive sublimate 
in twenty parts of water. 

Nes8ler*8 Solution. — ^Dissolve 3*5 grms. of KI in 10 c.c. of water ; next 
dissolve 1*6 grm. of SgOl2 in 30 c.c. of water : add the mercury solution gradu- 
ally, and with continuous agitation to the solution of potassic iodide, until the 
precipitate ceases to be re-dissolved ; then add 60 c.c. of potassic hydrate and 
filter. Keep in a small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of ammonia. 

Cuprlc Sulphate. — The commercial salt (SOH02CU0'' + 4 aq.) is purified 
by repeated crystallisation. Dissolve the crystals in ten parts of water. 
Ifwpwitie». — ^Iron, zinc. 

€uprlc Chloride, OuClj. — Prepared by dissolving cuprie oxide in HCL 

Cuprous Chloride, 'Ou'aCls. — Obtained by digesting OmClj with metallic 
copper and HCl. 

Stannous Chloride, SnCl^. — Prepared by boiling pure granulated tin in 
concentrated HCl, with the aid of a piece of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solution over granu- 
lated tin in a small stoppered bottle. 

Auric Chloride, AuCl^. — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water-bath and dissolving in water. 

Platinic Chloride, FtCl4. — Dissolve some platinum scraps in aqua vegia. 
Precipitate with AmCl. Collect precipitate on a Swedish filter-papery wash 
with strong alcohol ; dry and ignite in a porcelain crucible, gently at first, and 
lastly to intense redness. Kedlssolve the spongy platinum in aqua regia. Evapo* 
rate repeatedly to dryness on a water-bath, with addition of HCl. Dissolve in 
ten parts of water. Pure platinic chloride sht^uld dissolve completely in pure 
alcohol. 

METALS AND OXIDES. 

Zinc, free from arsenic, granulated, and in the form of strips or sticks. 

Iron (steel), copper, tin, lead, platinum (used in the form of wire, bars, tbeet, 
turnings) and mercury can be obtained of sufficient purity for the puipeses of 
qualitative analysis. 

Metallic Lead free from SllTer, — Prepared by predpitation ef phimbic 
acetate by metallic zinc. 

Flumblc Dioxide, FbOj. — Beadily prapared by digesting «ed lead in 
boiling dilute nitric add. The brown powder is well washed by decantation, and 
lastly on the filter. 

Manganic Dioxide, MnOj. — Use the powdered commercial black oxide. 

Hydric Peroxide, O3H2, or Hoj. — A solution may be prepared by passing 
a current of carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated baric carbonate is filtered off. The commercial article 
Mually contains Ik little £ree mineral acid, sudi as HCl or SOsHb^, added in order 
to prevent its spontaneous deeompositlon. Hydrofluoolicic acid is also ^mt* 
times met with, used probably (in excess) to remote any soluble bariutti salt. 
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Reagents used for Fissions and for Blowpipe Reactions, 

Sodic Carbonate,* OONaos. — Should be free from sulphate and ehloride. 

Fusion Mixture* or White Flux.-^Consisting of dry 00]^ao2 and 
00£o2, mixed in the proportion of their combining weights, «.e., 106 + 138, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, <^orides, and sulphates, ahould be pro- 
cured, as their purification cannot be effected without using silver and pla&ium 
vessels. 

Black Flute. — Prepared by igniting crystals of JRockelle salt (potassic sodic 
tartrate) in a platinum crucible. The residue consists of carbon and alkaline 
carbonates. 

Hydric Ammottte Sodic Phosphate,* POHoAmoNao + 8 aq. (iHlcro- 

eosmic Bait), — The salt should be dried and used in the form of a powder. 
On being heated in a loop of fdatinum wire it is converted into POjNao, 

Potassic €yanide,* KCj, — Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on cnarcoal. For blowpipe reactions a 
mixture of equal parts of KCj and CONao^ (or fusion mixture), is prefereble, 
because it sinks readily into the charcoal and yields metallic globules of great 
purity. For the separation of M and Co the salt is dissolved, when required, in 
twenty parts of cold water, as its aqueous 0(^ution is rapidly decomposed, 

Potassic Nitrate^* N02£o.— Used as an oxidizing agent. The commer- 
cial salt should be purified by dissolving the cirstals in hot water to a saturated 
solution, and allowing to cool in a porcelain dish with continuous stirring. Th9 
nitrate falls out first as a fine white powder, and the impurities, e.^., phosphate^ 
sulphate, or chloride, are left in the mother-liquor. 

PotasMc Chlorate,* 'j q^^* — ^This salt can rea£ly be obtained pure> i.ety 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* B405Nao2 4- 10 aq. — The crystals should be gently heated in a 
platinum crucible till the water of crystallization has been driven oS^ and the 
mass kept povrdered and ready for use in blowpipe reactions. 

Hydric PotaSsic Sulphate, SO^B^oKo. — Prepared by heating itt a plati- 
num dish 87 parts of ik)rmal potassic sulphate with 49 parts of pure sulphuric 
acid, till the clear mam fuses steadily. Pour out on a porcelain slab, ana keep 
the lumps in a bottle. 

Cobaltoiis Nitrate, N2O40oo^^ — Used in solution only. Should be free 
firom other metals. . Dissolve the commeroial salt in ten parts of water. 

Vegetable Gclowring Matters, — Test-papers, 

Litmus Solution. — Its preparation has been described in my Introduction to 
Inorganic Chemistry y p. 9. 

Turmeric Paper, — Prepared by digesting at a gentle heat one part of tutmeric 
root with six parts of alcohol. Filter and soak strips of porous paper wi^ the 
yellow extract. The dried papers should exhibit a fine yellow tint. Like lihnus- 
papers, they serve for the detection of free alkalies. All test-papers ihotdd be 
kept in well-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stirring four to six parts d fuming 
sulphuric acid into one part of finely divided indigo, and allowing the mixture to 
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of ind^o is used for detecting nitric acid, 
chloric acid, axul free cUorine, owing to the 'i^rmation of products of oxidation of 
a yellow colout. 
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APPENDIX IV. 

(A.) EXAMINATION OF A SIMPLE SALT. 

Peeliminart Examination fob Base. 

Substance given : white drystalline, readily soliible in water, 

reaction of solution alkaline. 



Experiment. 


Observation. 


Inference. 


Heated some of the pow- 
dered substance in a dry 
test-tube. 


Gkive off water; fused; 
was slightly blackened ; 
gave off 00, burmng 
with a blue flame. 


Oxalate, formate. 


Treated residue with water, 
and filtered. Tested with 
litmus paper. 


The residue dissolved ; 
the solution reacted 
strongly alkaline. 




Added dilute HCl. . 


Effervescence, whilst be- 
fore ignition the sub- 
stance did not effervesce. 


Alkaline oxalate. 


Tested HCl extract on pla- 
tinum wire in a Bunsen's 
gas flame. 


Violet flame 


Potassium. 



Examination op Solution for Base. 



Added HQ. 



No pp. Ab- 
sence of 
Q-roup I. 



Added a solution of SHj to the same solution. 



No pp. Ab- 
sence of 
Group II. 



To a fresh portion of the solution added* AmCl, 
AmHo, and SAm^. 



No pp. Ab- 
sence of 
Q-roup III. 



To the same solution added 00Amo2. 



No pp. Ab- 
sence of 
Group rv. 



The solution may con- 
tain— 

MsrO, 0X3, ONa,. 
Tested a fresh por- 
tion of solution spe- 
cially for K by adding 
HCl and PtOLi, yeU 
low cryttaJUne preci- 
pitate. 

Presence of K. 
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Pbelimiiiabt Examination roa Acid. 



"Exp&nment, 


Obsenration. 


Inference. 


Treated a portion of the 
powdered substance with 
concentrated SO2H03. 

Passed gases into lime- 
water and applied a light 
to the nnabsorbed gas. 


00 and 00, giyen aff, 
with slight blackening 
of substance. 

White preci}Htate in lime- 
water; gas burnt with 
blue flame. 


From decomposition of 
oxalate. 



Examination of Solution for Acid. 



Acidulated with 

Ha. 


Acidulated with 
NO2H0. 


Acidulated with | ^^l^^' 


No precipitates. 


No precipitates. 


OaClj a- white pp. 
SOaCao" 

Presence of {ggg- 



Found Potasslc •xalate. 



(B.) EXAMINATION OF A COMPOUND SUBSTANCE. 

Pbbliminabt Examination fob Bases. 

Compound given : a dirty white powder. 



F'Zperiment. 



Heated some of the pow- 
dered substance in a dry 
test-tube. 



Heated a portion of the 
substance, mixed with 
OONaoj, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
flame. 



Observation. 



Substance fused. Gtave 
heavy white fumes, 
which condensed in the 
upper part of the tube. 

Guve off reddish-brown 
fumes and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooling. 

NH3 given off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable i the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 



Inference. 



Compounds of 
Hg, As, etc. 



Am, 



From decomposition of 
nitrates of Fb, Bi, 
etc. 



Am and 
pounds. 

Pb. 



Hg corn- 



Alkaline earthy bases. 
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Examination of Solution »for Bases. 

Substance dissolved partly in water, partly in HCl with evolution 
of COt. On mixing the two solutions, acicular crystals of 
PbCl2 fell out. Filtered off. Confirmed presence of lead by 
means of Cr02Ko2 or S02Hoa. 



Faoaed a current of SHj. 



A black pp. 



•^"^^^^^^^^^^^ 



Evaporated filtrate to dryness, with a few drops of NOjHo. 
Took up with dilute HCl. Added AmCl, AmHo, and SAmj. 



No pp. 

Absence of Group III. 



To the same solution added OOAmos. 



A white pp. 



On evaporating filtrate to 

dryness, and igniting, 

no fixed residue was 

left. 

Absence of Mv, K, Na. 



Examination of Precipitate produced in Group II. 



Washed precipitate till free from HCl, and boiled with SAm2. 



Residue. — Boiled with NO3H0. Diluted with OHj, and 
added dilute SO2H02, and methylated spirit. Filtered. 



Residue. — Boiled in ammonic acetate, 
and filtered. 



Residue. — ^Dried and 
ignited in a bulb- 
tube, with dry 
00!Nao2. Metallic 
mirror and glo- 
bules. Presence 
OfHff. 



Solution . — ^Added 
OrOoKoj, yel- 
low precipitate. 
Presence of 
Pb. 



Solution. — SH2 ad- 
ded to a portion 
of solution gave no 
precipitate. Ab- 
sence of Bi, Gn, 
Cd. 



Solution. — Acidu- 
lated with dilute 
HCl. No yeUow 
precipitate. Ab- 
sence of As, 8b, 
and Sn. 



Examination op Precipitate produced in Group IV. 



Dissolved precipitate in a little dilute HCl. Tested a portion of the solution 
with SOjCao'' — no precipitate, even after some time. Absence of Ba and Sr. 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

and •< QQ A^o* -^ white precipitate. Presence of Ca. 
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Pbeliminart Examination fob Aoids. 



Experiment. 



Treated with dilute HCl. 

Treated with concentrated 

SO2H03. 
Confirmed HCl by heating 

substance with Mn02, 

and SO3H03. 
Ditto NO3H0 by means of 

SO2H03 and SOsFeo''. 



Observation. 



Effervescence. The gas 
precipitated lime-water. 
CI and nitrous fumes. 

Chlorine evolved. 



A brown ring was formed. 



Inference. 



OOj. 

HCl and VO3H0. 

HCl.. 

VO3H0. 






Examination op Solution foe Acids. 

Prepared solution by boiling some of the powder with a solution of 

CONaos ; filtered and acidulated with — 



HCl. 


HO2H0. 


/OHa . 
ICOHo 


Neutral solution. 


No precipitates. 


N03Ago, white curdy 
pp., soluble in 
AjnHo. Preseace 
of HCl. 


No precipitates. 


No precipitates. 



Found— Bases : HffO, PbO, OaO, OAmj. 
Acids : 00^, HO3H0, HCl. 
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C. Z. Bloxam 

CHEMISTRY, INORGANIC and ORGANIC. 

With Experiments. By Charles L. Bloxam, Professor of Chemistry in 
King's College, London ; Professor of Chemistry in the Department for 
Artillery Studies, Woolwich. Third Edition. With 295 Engravings. 

[8vo, 1 6s. 

%* It has been the author's endeavour to produce a Treatise on Chemistry sufficiently 
comprehensive for those studying the science as a branch of general education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for the more advanced 
work placed in his hands by the professor. The special attention devoted to Metallurgy 
and some other branches of Applied Chemistry renders the work especially useful to those 
who are being educated for employment in manufacture. 

is astonishing how much information he often 
conveys in a few paragraphs. We might 
quote fifty instances of this." — Chemical 
News. 



" Professor Bloxam has given us a most 
excellent and useful practical treatise. His 
666 pages are crowded with facts and expe- 
riments, nearly all well chosen, and many 
quite new, even to scientific men, . . It 



By the same Author 

LABORATORY TEACHING: Or, Progressive Exercises in 
Practical Chemistry, with Analytical Tables. Third Edition. With 89 
Engravings ..... Crown 8vo, 5 s. 6d. 

*^* This work is intended for use in the chemical laboratory by those who are com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after twenty-three years' experience as a teacher in the laboratory. 



J. Campbell Brown 

ANALYTICAL TABLES for STUDENTS of PRACTICAL 
CHEMISTRY. By J. CAMPBELL Brown, D.Sc. Lond., F.C.S. 



iv Messrs Churchill's Scientific Works 



Albert J, Bernays 

NOTES FOR STUDENTS IN CHEMISTRY: Being a 

Syllabus of Chemistry and Practical Chemistry. By Albert J. Bernays, 
Professor of Chemistry at St Thomas's Hospital Fifth Edition. 

[Fcap 8vo, 3S. 6d. 

*»* A new feature is an Appendix giving the doses of the chief chemical preparations 
of the "Materia Medica." 



" The new notation and nomenclature are 
now exclosiyely used. We notice additional 
notes in apparently every paragraph in the 



book, and a close revision of the whole."— 
Scientific Opinion, 



John E, Bowman and C, Z. Bloxam 

PRACTICAL C H EM I ST R Y, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Sixth Edition. With 98 
Engravings .... Fcap 8vo, 6s. 6d. 

%* The intention of this work is to furnish to the beginner a text-book of the prac- 
tical minutia of the laboratory. The various processes employed in analysis, or which 
have been devised for the illustration of the principles of the science, are explained in lan- 
guage as simple as possible. This edition has been embellished with a large number of 
additional wood engravings from sketches made in the laboratory. 



Frank Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, B. So. Lond., F.CS. 
Lond. and Berlin. Second Edition. With 46 Engravings . Crown 8vo 

[In the Press, 

*^^* This work is an Elementary Treatise specially adapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 

G, Fownes 

A MANUAL OF ELEMENTARY CHEMISTRY, 

Theoretical and Practical. By G. Fownes, F.R.S. Edited by Henry Watts, 
B.A., F.R.S. Eleventh Edition. With 163 Engravings. Crown 8vo, 15s. 



Edward Frankland 

HOW TO TEACH CHEMISTRY: Hints to Science 
Teachers and Students. Six Lectures by Edward Frankland, D.C.L., 
F.R.S., Summarised and Edited by George Chaloner, F.CS. With 
47 Engravings .... Crown 8vo, 3s. 6d. 

Remigius Fresenius 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of Spectra 
and 47 Engravings .... 8vo, 12s. 6d. 

By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 
Sevenih Edition. Vol. I. With io6 Engravings. . . 8ro, 15s. 
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Robert Galloway 

THE FIRST STEP IN CHEMISTRY : A New Method for 
Teaching the Elements of the Science. By Robert Galloway, Professor 
of Applied Chemistry in the Royal College of Science for Ireland. Fourth 
Edition, with Engravings . . . Fcap 8vo, 6s. 6d. 

By the same Author 

A MANUAL OF QUALITATIVE ANALYSIS. 

Fifth Edition, with Engravings . . Post 8vo, 8s. 6d. 

Also 

CHEMICAL TABLES ACCORDING TO THE OLD 

NOTATION. On Five Large Sheets, for School and Lecture Rooms. 
Second Edition .... The Set, 4s. 6d. 



** We can always give praise to Mr. Gal- 
loway's educational works. They are inva- 
riably written on a system and founded on 
experience, and the teaching is clear, and 
in general complete." — Chemical News, 



** Mr. Galloway has done much to simplify 
the study of chemistry by the instructive 
manner in which he places the principal 
details of the science before his readers." 
— British Medical JoumaU 



T, Griffiths 

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer, 
Autumn, Winter. By T. Griffiths. Second Edition, with Engravings. 

[Fcap 8vo, 7s. 6d. 

U, J, Kay-Shuttleworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By U. J. Kay-Shuttleworth, M.P. Second Edition, Crown 8vo, 4s. 6d. 

" We can recommend the book." — 
Athenceum, 



"Deserving warmest commendation."— 
Popular Science Rev, 



A, H, Kolhnyer 
CHEMIA COARTATA; or, the Key to Modern Chemistry. 
By A. H. KoLLMYER, A.M., M.D., Professor of Materia Medica and 
Therapeutics at Montreal New Edition . . 8vo, ^%, 6d, 

Francis Sutton 

HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure applied 

to Liquids, Solids, and Gases. By Francis Sutton, F.C.S., Public 

Analyst for the County of Norfolk. Third Edition. With 74 Engravings. 

8vo, 15s. 

*^ This work is adapted to the requirements of pure Chemical Research, Pathological 

Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and for 

the Valuation of Substances used in Commerce, Agriculture, r.nd the Arts. 

**Mr. Sutton has rendered an essential service by the compilation oC hi& '<«^^&J' — 
Chemical News. 
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IV. G. Valentin 

INTRODUCTION TO INORGANIC CHEMISTRY. By 

Wm. G. Valentin, F.C.S., Principal Demonstrator of Practical Che- 
mistry in the Royal School of Mines and Science Training Schools, 
South Kensington. Third Edition. With 82 Engravings 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. Fourth Edition. 

With 19 Engravings 8vo, 7s. 6d. 

Also 

TABLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper '. . . 8vo, 2s. 6d. 

R. Wagner and W, Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 

Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 

University of Wurtzburg. Translated and Edited from the Eighth German 

Edition, with Extensive Additions, by William Crookes, F.R.S. With 

336 Engravings ....... 8vo, 25s. 

*^j* The design of this work is to show the application of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — i. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 

"Full and exact in its information on ** Mr. Crookes deserves praise, not only 

for the excellence of his translation, but 



almost every point." — Engineer. 

** This book will permanently take its 
place among our manuals." — Nature. 



also for the original matter he has added." 
— American Journal ofScieftce and Arts. 



R. V. Tusoft 

COOL^Y'S CYCLOPiEDIA OF PRACTICAL 

RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised and partly Rewritten by 
Professor Richard V. Tuson, F.C.S., assisted by several Scientific 
Contributors ..... 8vo, 28s. 

** A much improved edition. ... of articles in common use as food and 

Long recognised as a general book of re- medicine."— /'c// Mall Gazette. 

ference. * * — Times, * * Other of the articles, as on * brewing, ' 

**The book is of considerable value for * bread,' etc., are specimens of what cyclo- 

household use, as well as professional pur- paedic writing should be, being concise and 

poses, for it contains a quantity of interest- thoroughly exhaustive of the practical por- 

ing information relating to the composition \ lion oi lloe ^^^^^'' —Veterinarian. 
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J. Forbes Royle and John Harley 

ROYLFS MANUAL OF MATERIA MEDICA AND 

THERAPEUTICS. Sixth Edition. By John Harley, M.D. With 
139 Engravings. .... Crown 8vo, 15 s. 



' ' This Manual is, to our minds, unrivalled 
in any language for condensation, accuracy, 



and completeness of information,' — British 
Medical Journal, 



W. Southall 

THE ORGANIC MATERIA MEDICA OF THE BRITISH 

PHARMACOPCEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of the Remedies contained in the Indian and United 
States Pharmacopoeias. By W. Southall, F.L.S. . Post 8vo, 2s. 6d. 

J". C Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lond., Lecturer on Materia Medica at the Middlesex 
Hospital With Engravings , . . Fcap 8vo, 6s. 6d. 

'' Students can hardly hope for a more serviceable text-book.'' — PractiHoner, 



Isambard Owen 

TABLES OF MATERIA MEDICA. Third Edition. 

[Crown 8vo, 2s. 6d. 
C. D. F. Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 

*' It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Medica." — Practitioner, 

Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTICS. By Adolphe Wahltuch, M.D. . . . 8vo, 15s. 

*^* The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts : — (i) The 
Name and Synonyms ; (2) Character and Properties or Composition ; (3) Physiological 
Effects and Therapeutics; (4) Form and Doses; (5) Preparations ; (6) Prescriptions, 
Other matter elucidatory of the Pharmacopoeia is added to the work. 

" A very handy book." — Lancet, 

F, Harwood Lescher 
THE ELEMENTS OF PHARMACY: a Guide to the Prin- 
cipal Points in Materia Medica, Botany, Chemistry, Pharmacy, Prescrip- 
tions, and Dispensing. By F. Harwood Lescher. Fifth Edition 
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J". Birkbeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH 

PHARMACOPCEIA, By J. BiRKBKCK Nevins, M.D. LoncL, Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical SchooL Third 
Edition, Revised and Enlarged .... Royal 32mo, 3s. 6d. 

a 

Jonathan Pereira 

SELECTA E PRiESCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
. planatory Notes ; the Grammatical Construction of Prescriptions ; Rules 
for the Pronimciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 



THE PRESCRIBER'S PHARMACOPCEIA : The Medicines 

arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d. 



B^ S, Proctor 

LECTURES ON PRACTICAL PHARMACY. 
By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Engravings . . 8vo, 12s. 

CONTENTS 

prying— Comminution— Solution -Crystallisation— Precipitation— Diffusion in Liquids, 
Dialysis, Osmosis, &c.— Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation— Filtration and Percolation— Official Pharmacy — Official Liquors or Solu- 
tions—Official Infusions and Decoctions — Extracts— Spirits, Tinctures, Wines, Vin^ars, 
Liniments— Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c.. Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes — Dispensing— Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c. — Qualitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia— Pharmacy of Special Drugs. 

** A good specimen of a treatise on Chemistry as applied to a special art." — Chemical 
News, 

J, B, Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 
SECOND EXAMINATIONS. By John Barker Si^ith. Second 
Edition Crown 8vo, 6s. 6d. 

first and sf.cond examinations 
Latin Grammar^Fractions — Metric System — Materia Medica — Botany 

-^Pharmacy— CHEMisTiL'Y—"P^'&^^Yi\Q^^* 
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John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 
Steggall, M.D. Third Edition i8mo, 3s. 6d. 

CONTENTS 



Notes on the British Pharmacopoeia, the 
Substances arranged alphabetically. 

Table of IVcparations, containing Opium, 
Antimony, Mercury, and Arsenic 

Classification of Plants. 



Thermometers. 
Specific Gravity, 
"heights and Measures. 
Questions on Pharmaceutical Chemistry 
and Materia Medica. 



Peter Squire 

COMPANION TO THE BRITISH PHARMACOPOEIA. 

With Practical Hints on Prescribing; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Accoimt of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; late President of the Pharmaceutical Society. 
Tenth Edition 8vo, los. 6d. 

By the same Author 

PHARMACOPOEIAS OF THE LONDON HOSPITALS. 

Third Edition. Fcap 8vo, 6s. 

*^ Mr. Squire has collected all the Formulae used in twenty-two of the principal 
Hospitals of London, and arranged them in groups of mixtures, gargles, &c., &c. These 
Formulae were revised and approved by the medical staff of each of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. 



William Stowe 
A TOXICOLOGICAL CHART, Exhibiting at one view the 

Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition .... Sheet, 2s. ; Roller, 5s. 



Alfreds. Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. TayloVM.D., F.R.S., 
Professor of Medical Jurisprudence to Guy's Hospital. Third Edition, with 
104 Engravings ^ ^x^^^^'^^^^^^'^^ 
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G. C Wittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY: An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi- 
ments. By Dr. G. C. Wittstein. Translated from the Second German 
Edition by Stephen Darby i8mo, 6s. 

" It would be impossible too strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry." — From the Introduction by Dr* Buchner. 



Henry Beasley 

THE POCKET FORMULARY AND SYNOPSIS 

OF THE BRITISH AND FOREIGN PHARMACOPCEIAS : Compris- 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 

[i8mo, 6s. 
By the same Author 

THE DRUGGIST'S GENERAL RECEIPT-BOOK: 

Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists' Nostrums, 
&c. ; Perfumery, Skin Cosmetics, Hair Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments ; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition .... i8mo, 6s. 

Also 
THE BOOK OF PRESCRIPTIONS : Containing 3,107 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. With an Index of Diseases and Remedies. 
Fifth Edition i8mo, 6s. 6d. 



"Mr. Beasley*s 'Pocket Formulary/ 
* Druggist's Receipt-Book/ and * Book of 
Prescriptions' form a compact library of 



reference admirably suited for the dispens- 
ing desk." — Chemist and Drtiggist, 



THE PHARMACEUTICAL JOURNAL AND TRANSAC- 
TIONS. Published weekly Price 4d. 



THE YEAR-BOOK OF PHARMACY: Containing the 

Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formulae 
published throughout the world. Published annually in December. 

fSvo, 1870, '71, '72, 7s, 6d, each ; 1873, '74, '75, los. each. 
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i?. v. Tuson 
A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By Richard V. Tuson, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition . . . Post 8vo, 7s. 6d. 



** Not only practitioners and students of 
veterinary medicine, but chemists and 
druggists will find that this book supplies a 



want in veterinary literature.*' — Chemist 
and Druggist, 



Robert Bentley 
A MANUAL OF BOTANY: Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King's College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Engravings. Crown 8vo, 14s. 

**As the standard manual of botany its position is undisputed." — Chemist and 
Druggist. 



Robert Bentley and Henry Trimen 
MEDICINAL PLANTS: being Descriptions with Original 
Figures of the Principal Plants employed in Medicine, and an Account 
of their Properties and Uses. By Robert Bentley, F.L.S., Professor 
of Botany in King's College, and to the Pharmaceutical Society ; and 
Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary's 
Hospital Medical School. In about 40 Monthly Parts, each containing 
8 Coloured Plates. Parts I. to XIII. issued since October, 1875, 5s. each. 
*^^* A Prospectus and Specimen Plate will be sent on application. 

W, B, Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 

W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 500 
Engravings Crown 8vo, 15s. 

*^^* The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. 



J. H, Martin 

A MANUAL OF MICROSCOPIC MOUNTING; with Notes 

on the Collection and Examination of Objects. By John H. Martin, 
author of " Microscopic Objects." With upwards of 100 Engravings. 

[8vo, 7s. 6d. 

*♦• The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual dexteritY> && ^^^ 
as illustrations and words render it possible, n&c«%%?cr^ \sxV!s\»x ^'^^:a&L^'^« 
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THE QUARTERLY JOURNAL OF MICROSCOPICAL 

SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Assistant- 
Physician at St. Thomas's Hospital; E. Ray Lankester, Professor of 
Zoology and Comparative Anatomy in University College, London ; and 
W. Archer, F.R.S. 

Annual Subscription, 20s. ; Single Numbers, 5s. 

*»* The Memoirs are, when needful, illustrated by Woodcuts, and Lithographic Plates, 
many of which are Coloured. The Journal contains, in addition, Notes and Memoranda^ 
Reviews of Books, Quarterly Chronicle, and Proceedings of Societies. 



•S*. Messenger Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 61 
Engravings Post 8vo, 6s. 6d. 



A, Chauveau and G, Fleming 

CHAUVEAU'S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of " Travels on Horseback in Mantchu Tartary," 
"Horse-shoes and Horse-shoeing/' "Animal Plagues," etc. With 450 
Engra\angs . . . . . 8vo, ;£i lis. 6d. 

** Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . « We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his work.'* — Medico- Chirurgical Review, 



J. Fayrer 
THE THANATOPHIDIA OF INDIA ; being a Description 

of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
Sir J. Fayrer, M.D., K.S.I., Honorary Physician to the Queen ; late Presi- 
dent of the Asiatic Society of Bengal. Second Edition, with 3 1 Plates 
(28 Coloured) Folio, 7/. 7s. 

By the same Author 

THE ROYAL TIGER OF BENGAL: His Life and Death. 
With Map and Engravings • Crown^Svo, 55, 



Messrs Churchill's Scientific Works xiii 



J". Reay Greene 

TABLES OF ZOOLOGY: indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
History in the Queen's University in Ireland. Three large sheets, 5s. 
the set ; or, mounted on canvas, with roller and varnished . .12s. 6d. 
*«* These Tables have been carefully prepared m accordance with the present state of 

science, and with a view to remove the difficulties which arise from the various opinions 

held by differeot zoologists. 



r. H, Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 

ANIMALS. By Prof. HuxLEY, LL.D., F.R.S. With numerous Engrav- 
ings Fcap 8vo, I2S. 

By the same Author 
INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings 8vo, 6s, 



W. M. Ord 

NOTES ON COMPARATIVE ANATOMY: a Syllabus of 
a Course of Lectures delivered at St. Thomas's Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School . . . . . Crown 8vo, 5s. 



** Compact, lucid, and well arranged. 
These Notes will, if well used, he valuable 
to learners, perhaps still more so to 
teachers, " — Nature, 



'* We have gone through it carefully, and 
we are thoroughly satisfied with the manner 
in which the author has discharged his task." 
— Top. Science Review, 



John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A. Lond. With 
numerous Engravings Fcap 8vo, 5s. 6d. 



IV. Whalley 

THE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Popular Description. By W. Whalley, 
M.R.C.S. With 40 Engravings . . . Fca.^ &H<:k^'^^., 
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Andrew Wilson 

THE STUDENT'S GUIDE TO ZOOLOGY: 

A Manual of the Principles ot Zoological Science. By Andrew Wilson, 
Author of " Elements of Zoology," and Lecturer on Zoology, Edinburgh. 
With Engravings Fcap 8vo, 6s, 

" It is alike lucid and well arranged."— -^[/Jk/. Times and Gaz, 

** Really a good book, well and dearly written.**— ^^;«. Med, Jour. 

" A trustworthy guide." — Lancet, 

"The illustrations are dear, and the whole work is el^;ant and compact." — Med, 
Chir, Rev, 



VESTIGES of the NATURAL HISTORY OF CREATION. 

With 100 Engravings. Eleventh Edition . . Post 8vo, 7s. 6d. 

C. Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 

Charles Brooke, M.B., M.A, F.R.S. Based on the Work of the late 
Dr. GOLDING Bird. Seventh Edition, with 700 Engravings. 

In the Press, 

F, Kohlrausch 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS. 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T. H. 
Waller, B.A, B. Sc, and H. R. Procter, F.CS. With Engravmgs. 

^ [8vo, I2S. 

G, F, Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy's Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Engravings. 

[Fcap 8vo, 5s. 



" As an introductory text-book for this 
Examination [the Preliminary Scientific 
(M.B.) of the University of London], it is 
quite the best one we have seen . . The 
* Notes ' chiefly consist of lucid and con- 
cise definitions, and everywhere bristle with 



the derivations of scientific terms." — 
Nature, 

** A well-arranged and carefully-written 
condensation of the leading facts and prin- 
ciples of the chief elements of Natural 
Philosophy." — Chemical News, 



-o- 



G. Dawson 

A MANUAL OF PHOTOGRAPHY. By GEORGE 

Dawson, M.A, Ph. D., Lecturer on Photography in King's College, London. 
Eighth Edition, with Engravings . . Fcap 8vo, 5s. 6d. 

"The new edition of this excellent I many new methods and materials which 



manual, which is foimded on and incorpo- 
rates as much of Hardwich's * Photographic 
Chemistry * as is valuable in the present 
further advanced stage of the art, retains 
its position as the best work on the subject 
/or amateurs, as well as professionals. The 



are so frequently being introduced, make it 
essential that any book professing to keep 
up to the times must be frequently revised, 
and Dr. Dawson has in this work presented 
the subject in its most advanced position." 
—Nature^ May 29, 1873. 
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Lake Price 

A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with numerous Engravings. 

' [Crown 8vo, 6s. 6d. 

*»* Amongst the Contents are the Practical Treatment of Portraits — Groups in the 
Studio— Landscapes — Groups in Open .^ir — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life— Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 

** In these days, when nearly every intel- desire to enter on this path, Mr. Lake 

ligent person can, after a few weeks, master Price, in the volume before us, proves 

the manipulatory detsdls of our art-science, himself to be 'a guide, philosopher, and 

attention to the artistic treatment of sub- friend.' '* — Tke British Journal of PhotO" 

jects is a matter for the serious considera- graphy, 
tion of the Photographer ; and to those who 



Cornelius B, Fox 

OZONE AND ANTOZONE: their History and Nature. By 
Cornelius B. Fox, M.D., Medical Officer of Health for Central and 
East Essex. With Coloured Plates , 8vo, 12s. 6d. 



R» Dunglison 

MEDICAL LEXICON: A DICTIONARY OF MEDICAL 

SCIENCE. Containing a Concise Explanation of the various Subjects 
and Teims of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, And Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal 8vo (1,130 pp.), 28s. 



♦ * 



The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, imtil at length it has attained the position of a recognised 
and standard authority. 



R, G. Mayne and J, Mayne 

MEDICAL VOCABULARY : being an Explanation of all 
Names and Phrases used in the various departments of Medical Science 
and Practice, giving their Derivation, Meaning, Application, and Pro- 
nunciation. Fourth Edition . . . Fcap Svo, los. 



** We have referred to this work hundreds 
of times, and have alwa3rs obtained the in- 
formation we required . . • Chemical, 



Botanical, and Pharmaceutical Terms are 
to be found on almost every page." — 
Chiinist arid Druggist, 
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The following Catalogues issued by Messrs Churchill 
will be forwarded post ffee on application: 

1. Messrs ChurchilVs General List of nearly 600 works on 

Medicine, Surgery, Midwifery, Materia Medica, Hygiene, 
Anatomy, Physiology, Chemistry, &c,, &c., with a complete 
Index to their Titles for easy reference. N.B. This List 
includes Nos, 2 and 3. 

2. Selection from Messrs ChurchiWs General List, comprising 

all recent works published by tliem on the Art and Science 
of Medicine, 

3. A Selected and Descriptive List of Messrs CJmrchiWs works 

on Chemistry, Materia Medica, Pharmacy, Botany, Photo^ 
graphy, The Microscope, and other branches of Science. 

4. Messrs ChurchilVs Red-Letter List, giving the Titles of 

forthcoming New Works and Nezu Editions, 

[Published erery October. 

5. The- Medical Intelligencer, an Annual List of New Works 

a7id New Editions published by Messrs J, &pA. Churchill, 
together with Particulars of the Periodicals issued front 
their House, 

[Sent at .the commencement of each year to every Medical Practitioner in 
the United Kingdom whose name and address can be ascertained. A 
large number are also forwarded to the United States of America, 
Continental Europe, India, and the Colonies.] 



Messrs CHURCHILL have a special arrangement with Messrs 
LINDSAY & BLAKISTON, of Philadelphia, in accordance with 
which that Firm acts as their Agents for the United States of America, 
either keeping in Stock most of Messrs Churchill's Books, or reprinting 
them on Terms advantageous to Authors. Many of the Works in this 
Catalogue may therefore be easily obtained in America, 



M*Gawan «Sr» Co,, Printers^ Great Windmill Street^ Haymtkrhd. 



